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DIGESTIBILITY OF VERY YOUNG VEAL 


By C. F. Lancwortny, Chief, and A. D. Hotmes, Scientific Assistant, 
Office of Home Economics, States Relations Service 


INTRODUCTION 


Throughout the United States little was known until recently regarding 
very young veal, since the sale of calves less than 3 to 6 weeks old for 
food is prohibited by Federal and State laws. Our attitude toward veal, 
as toward many other foods, has been determined in part by custom 
and prejudice and in part by economic conditions and experience, often 
being illogical; therefore it is of interest to ascertain in such cases how 
far belief is justified by facts, as shown by controlled experimental tests. 

That the common opinion that veal is less wholesome than beef and 
young veal less so than mature veal is not a consistent prejudice against 
young flesh foods is shown by the common and apparently growing 
taste which prefers squab to pigeon, ranks broilers as superior to fowls, 
considers sucking pig a great delicacy, and regards hothouse lamb—that 
is, lamb less than 3 months old and rapidly grown and fattened—as 
much superior to older lamb as lamb is to mutton. 

That economic conditions may have an effect upon opinion, which is 
not consistent, is shown by the situation with respect to the marketing 
of calves. In grazing areas where the cheapness of food makes it possi- 
ble to rear cattle at least to early maturity there is a natural tendency 
to do so. In regions where the dairy industry is highly developed, 
milk is such an important product that it is not thought profitable to 
rear calves beyond the period when the mother’s milk becomes salable, 
and so, even though they can not be marketed and the producer will 
seldom care to use on his own table what he is prohibited from selling, 
they are often slaughtered at from 3 to 6 days old instead of fed until the 
lawful marketable age. 

The prejudice against veal, and more particularly young veal, is 
inspired chiefly, it would seem, by the belief that it is indigestible, by 
which is meant either that it causes a digestive disturbance or that it 
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fails to digest as thoroughly as other meats, with the result that it is 
either harmful or undesirable as food. That this opinion does not rest 
on general experience is indicated by the contrary belief in Europe, 
which ranks veal as a particularly desirable meat, even for invalids, and 
which regards very young veal much as it does young pig and young 
lamb. 

The question of its dietary value and its digestibility, both in the more 
popular as well as in the technical sense, thus becomes one worthy of 
study for itself and for its bearing upon the common prejudice against 
the use of young veal as well as upon the related matter of wholesome- 
ness when this food is eaten in comparison with more commonly accepted 
foods, and accordingly the tests here reported were undertaken. 


PREVIOUS EXPERIMENTS 


In the literature consulted empirical conclusions are not uniform and 
very little definite information has been found regarding the food value 
and possible use in the diet of very young veal. 

Studies have been made, however, to determine what the difference 
is, chemically or otherwise, between very young veal and the olde: 
market veal. Fish (4),' for instance, conducted such an investigation, 
with the object of obtaining data which would enable him to determine 
the relative age of the animal in market, so that the very young could 
be detected. He determined the specific gravity and freezing point of 
the tissue juice and also the percentage of water, finding that in very 
young veal, where more water is present in the tissues, there is less depres- 
sion of the freezing point and a lower specific gravity. In continuation 
of this work, the same author (5) made dietary studies to determine 
whether the flesh of the young calf from 1 to 14 days of age exerts any 
injurious effects upon the consumer. Seven families, including over 20 
individuals from 2 to 60 years of age, ate this meat and reported no 
physiological disturbances, the health of each remaining apparently 
normal. Later, the results of experiments in vitro led Fish (6) to con- 
clude that the difference in the thoroughness of digestibility of the tissues 
of very young and market veal is so small as to be practically negligible. 

Very recently Berg (3) has reported the experimental data of a bio- 
chemical comparison of beef and immature veal in which he discusses 
the chemical composition, digestion in vitro, and results of feeding ex- 
periments made with animals (cats) in the laboratory. He concludes that 
there are no physiologically significant differences in the chemical com- 
position of beef and immature veal. In a large number of artificial 
digestion experiments he found that immature veal was as quickly 
digested as beef. In the feeding experiments with cats, immature 
veal supplied all of the nitrogen and a large share of the energy of the 





1 Reference is made by number to “‘ Literature cited,’’ p. 587-588. 
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diet. The animals remained in a normal condition at all times, exhibit- 
ing characteristic functions of growth, maintenance, and reproduction. 
Berg reports that the immature veal at times was kept in an ice box at 
2° to 4° C. for many days before use and that it remained in edible con- 
dition. 

It is evidently the opinion of the more recent investigators that very 
young veal, or, as it is commonly called, bob veal, is not unsuited for 
use as human food. As very little information, however, is available 
as regards the coefficient of digestibility of very young veal, a series 
of experiments was undertaken to determine the completness of digestion 
of this material by the human subject in normal health. 


DIETARY TESTS 


Before attempting to study the digestibility of very young veal, tests 
were made in which it wa$ cooked in the laboratory and in several homes 
and eaten in quantity, although no record was kept of the amounts of 
veal and other foods eaten. The purpose of these tests was to have very 
young veal prepared by different methods and eaten by a large number 
of persons whose ages and daily activities were quite varied, to see 
whether purging or other disturbances of digestion would result and 
whether there was warrant for the popular belief that it is indigestible 
in the sense that it causes illness or distress. In general, it may be said 
that no physiological disturbances were noted either in the laboratory 
tests with individuals or in the tests made in a number of families. 

Reports of the individual tests of the use of very young veal are as 
follows: 

In family A the ages of the various members ranged from 4 to 65 
years. Observations of the dietary value of bob veal were made at 
various times, using different portions of the carcass. With one excep- 
tion no member of the family was apprised of the age of the veal, which 
was cut up into small pieces and prepared in the form of a stew. The 
criticism offered in regard to the meat was that it seemed somewhat dry, 
and one member of the family remarked that it seemed to be stringy. 
No one experienced any ill effects whatever from eating the meat, and all 
appeared to relish it as much as market veal. 

Family B was comprised of comparatively young adults only. All the 
members of the family were apprised of the nature of the meat, which 
was served in the form of a roast. Their criticism of the veal was that it 
seemed rather tasteless—that is, lacked flavor—and that although it 
appeared good it would not be preferred to the ordinary market veal. 
No instances of any ill effects resulted from eating this meat. 

Family C was composed of both children and adults whose ages ranged 
over a period of 50 or more years. In this study tests were made at two 
different times. On one occasion the veal was served in the form of a 
stew, while in the other case it was served roasted. Only one member 
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of the family knew the age of the veal. All appeared to enjoy the meat 
and made no remarks which would indicate that they were aware of its 
nature. No physiological disturbances were noted during these tests. 

In general, it was noticed that when bob veal was cooked as a roast it 
presented a less appetizing appearance than did the more mature meats. 
This is due principally to the greater amount of water in the meat and 
to the less firm structure of the muscular tissue; consequently, when the 
meat is roasted or broiled—methods of cooking which cause the evapo- 
ration of considerable of the water—the meat shrinks away from the bones, 
producing an abnormal and undesirable appearance. However, if the 
veal is removed from the bone, it may be roasted, broiled, or used to 
make stews with very satisfactory results. 

The younger veal was found to take the place quite satisfactorily of 
the common market veal. In practice, the shrinkage in cookery due to 
loss of water would mean the purchase of a larger quantity for the table 
if the same amount of meat is to be eaten. The deficiency in fat can 
be made up by adding fat in cookery. No study was made of the 
effects of handling upon market quality, or of the general question of 
legal regulation with respect to the marketing of young veal. 





DIGESTION EXPERIMENTS 
SELECTION AND COMPOSITION OF MATERIAL 


The series of digestion experiments reported was made in this laboratory 
at the request of the Bureau of Animal Industry. The age of the calves 
used (in every case supplied by the Bureau of Animal Industry) was 
never more than five days, this age being arbitrarily selected in order to 
have as great a difference in maturity as possible between this type of 
veal and market veal. This was done so that any difference in the diges- 
tibility of the two types would be easier of detection should a difference 
exist. The calves used were procured without regard to breed or size 
and were healthy individuals passed by the Federal meat inspectors. 

The calf was slaughtered the day preceding the cooking of the meat, 
and the carcass was stored in the meantime in a well-cooled refrigerator, 
no attempt being made, however, to study the keeping quality of the 
meat under ordinary trade and household conditions, a matter which 
apparently has not been studied. The cut most generally used in the 
digestion experiments was the leg, while the remainder was used for the 
dietary studies. This cut was chosen since it was easy to obtain the same 
cut of market veal for check experiments. The waste material (bone, 
tendon, etc.) in the legs of the very young veal was determined and found 
to be approximately 40 per cent. This amount of waste is much greater 
than that of mature veal, which is reported as 12 per cent (maximum, 2 
per cent; 1, p. 31-32). Since muscular tissue is less developed in younger 
animals, it is logical to expect that there will be less tissue in proportion 
to bone. 
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In order to make a comparison of the percentages of the principal food 
constituents in the two types of uncooked meat, an analysis of the very 
young veal and market veal is given below. The percentages which are 
reported here are those obtained by averaging the results obtained from 
the analysis of a number of different samples. Very young veal: Water, 
76.09 per cent; protein, 18.48 per cent; fat, 2.79 per cent; ash, 0.99 per 
cent. Market veal: Water, 71.97 per cent; protein, 20.07 per cent; fat, 
7.43 per cent; ash, 1.28 per cent. A comparison of the two types of veal 
shows that very young veal contained more water than market veal and 
correspondingly less protein and fat. However, when the meat was 
cooked, the difference in the amount of protein and fat in the two types of 
veal was lessened, owing to the loss of more water from the very young 
veal than from the market veal. It was found that there was an average 
of 33.23 per cent of protein in the former and 34.41 per cent in the 
latter type of veal, although it is obvious that these figures represent 
merely the protein content of meat cooked by a single method. Ob- 
viously, if the meat were cooked in another way, for a longer or shorter 
period of time, using a different amount of fat, or employing more or less 
heat, the composition would vary quite materially. The chief difference 
in the composition of the meat from the very young and the older calves 
is in the percentage of water present; this decreases as the animal grows 
older, while at the same time the percentage of fat in the meat increases. 
Aside from this, the meat of the two ages shows very little difference. 


NATURE OF THE DIET 


The very young veal was prepared by cutting in a meat cutter 
all the meat to be used for an experimental period. The meat was 
then thoroughly mixed to give a uniform product for eating and for 
analysis. After the meat had been prepared in this manner, it was 
cooked in the form of small cakes resembling Hamburg steak. A 
small amount of animal fat was used in cooking, but no attempt was 
made to increase materially the fat content of the meat cakes, and, 
roughly, the same amount was used for both bob veal and mature veal. 

It has often been observed that the digestibility of a food is more 
satisfactorily determined if it be incorporated in a mixed diet than if 
eaten singly. Consequently, it was decided that the basal ration to 
be used in studying the digestibility of the meat in question should 
contain fruit, bread and butter, and tea or coffee with sugar, if de- 
sired. It can readily be seen that this diet contains all the essential 
constituents of a well-balanced ration, while at the same time the pro- 
tein constituent of the diet is derived principally from the veal. It 
was impossible in these tests to prevent the subjects from knowing 
the nature of the diet. For instance, they all knew that they were hav- 
ing meat of some sort and that fat was used for the purpose of frying, 








but it is hardly possible that they were definitely aware of the source 
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appetite of the subjects and the digestibility of the food were not af- 
fected by any psychic factor. 

‘The three-day or nine-meal experimental period, which is very often 
used in investigations of this kind, was again adjudged to be most sat- 
isfactory. In order that the subjects should experience no monotony 
while eating the ration, each test period of three days per week was 
followed by a rest period of four days; and, furthermore, the digestion 
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coal was again noticed were retained for analytical purposes. The sub- 
jects were asked to bring notes describing their physical condition 
before, during, and after each test period. They all reported that with 
the exception of one or two colds they were in normal physical con- 
dition during the entire time that the investigation was in progress. 
Consequently, it has not been considered necessary to give in detail any 
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water and protein, these experiments are concerned only with the 
digestibility of protein. One method of determining the digestibility of 
a single food of a mixed diet is to determine by digestion experiments 
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the meat. If this was the case, it is reasonable to believe that the 







periments were conducted only on alternate weeks. During the in- 


SUBJECTS 


Five subjects assisted in making this investigation. They were 


rtance of carrying out carefully such directions as were given them. 


yre essential to know the amount of food retained and assimilated 


identifying the feces of the test period, charcoal, which imparts a 
rk color to the feces, was given with the first meal of the test period 
d with the first meal following the period. The feces showing a 
rk color and all excreted until the dark color imparted by the char- 


the individual reports which were received. 
EXPERIMENTS WITH VERY YOUNG VEAL 


Inasmuch as lean meat like very young veal consists almost wholly of 


th the basal ration alone the amount of undigested residue occurring 


applied to the digestibility of the total ration. . A second method con- 
ts in estimating the digestibility of the basal ration. \ Since the digesti- 
ity of the protein of wheat flour, fruit, and butter have been accurately 
termined by previous investigators, satisfactory factors are available 
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for estimating the digestibility of the protein furnished by these foods. 
Accordingly, in this investigation it has been assumed that the protein 
of bread is 93.8 per cent (8, p. 33), that of butter 97 per cent (2, p. 104), 
and that of fruit 85 per cent (2, p. 104) available. The following equa- 
tions illustrate the method of applying the above factors: 


[Weight of protein in bread, butter, fruit] x[Percentage of undigested 
protein in each] =[Undigested protein from basal ration]. 

[Total undigested protein]—[Undigested protein from basal ration]= 
[Undigested protein from meat alone]. 

{[(Meat protein consumed) —(Undigested protein from meat)]+[Meat 
protein consumed]=[Estimated percentage digestibility of meat 
protein]. 


The results which have been obtained in the tests of the digestibility 
of very young veal are given in Table I: 


TABLE I.—Data of digestion experiments with very young veal in a simple mixed diet 



































Item. Weight. Protein. 
Experiment No. 5 (subject W. A. D.): Gm. | Gm. Per cent. 
(Pe err ee eee T Eee Ce eT TT 736.0 227.4 30. 90 
MME ere hcgeuve teed ceo cawacawermeceteds 707.0 67.9 9. 61 
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"TGtat FOGG COMBUMNIER «oo 5 acco ccs cc ccecseeees 3, 164. 0 | MER cco swt ov 
RORGNS cc te dadunsa ads entann ncaa eanewontd Get ee 41.0 | 15.6 8. 07 
POTINNAIIE THUMIIAOD oe vio co ccccai esac cnaw Geelnasncsuneetens | 286. 5 
Digestibility OF Cte FARIOM oe 5 655s ce deceseeicfecceecess eet 94. 80 
Estimated digestibility of very young veal.....)......... ey 95. 30 
Experiment No. 6 (subject E. D. J.): 
TAGS SONRs Ge REREAD EERSS CER RES ERS ee 704. © 217.5 30. 90 
Li, RR err treo r reer ren Terre 942. 0 90. 7 9. 63 
Lo SC ee eT Re rer ere 207.0 2:3 I. 00 
MEINE sicins Rive cc Waele CEO KM Ke eee oe Be Rane ewn eer I, 377.0 4.0 . 29 
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Estimated digestibility of very young veal.....!..........J.......05. 89. 70 
Experiment No. 16 (subject J. H. K.): 
| ee er SP ener one er errr tr 703.0 287. 6 40. OI 
i ee rrr ee rer ee ee 745.0 66. 5 8. 93 
Butter. 00... ccs ccecesecceeceeccsccsncseeees 154.0 I. 5 I. 
ere cone ere eit ace nor rw 1, 418.0 2 22 
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TaBL_e I.—Data of digestion experiments with very young veal ina simple mixed diet— 


















































Continued 
Item. Weight. Protein. 
Experiment No, 16—Continued, Gin. Gm. Per cent. 
PRES ps olsen plan. dv peia sie busisre bias eae ae ae NE 45.0 21.6 | 48. 59 
PTO MBO TIIOI is 5 sig sade cestate se eats eA ewido aidieiene alee ch ae a eee 
Digestibility Of CHUTE TAGON |... 566 csos seseseesleaienas Lele tears 94. 00 
Estimated digestibility of very young veal......).......... Bea hededes ieee 94. I0 
Experiment No. 17 (subject W. E. L.): 
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> RSS Are aie DOL ere oer nee 816.0 72.8 | 8. 92 
BPURES sc siv vive des swounsienia oes atin wesc coe eee | 29,6 1.3 I. 00 
Us 5 seein 6 Vos a4 ais SBN OSE ORR NEN GES ARTS £):557.:0 255 | .22 
RAL ics sawih pem ea need. caepied peeinweneeeues as POO Ne ipsa eon situs os. osiees 
TGtal 1000 COMBUMIOD 6... 6scecdcesasce eae ss 3, 396. 0 | oT ee ee 
EB ys 6 coe ates Sow anton saw ween eee 44.0 | 18. 9 | 42. 94 
PIMUNE NZOES asics cena ovconecssvawmedleyasn deen | 347.8 | sei elbies Gis 
DIQERHDIUY OF CRETE TANGES 56s sw tic dae Sak |e coca veevdlevsvessces | 94. 80 
Estimated digestibility of very young veal....]..........|.......... | 95. 40 
| 
Experiment No. 27 (subject W. A. D.): 
1 ERS cen omer rE rere a eae ORR Ire 699. 0 202. 3 | 28. 94 
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DMOSt DIE Ol COLNE TATION 5 5.6 0:4:0:5:0:0 4 019.6: 8 o,0 ¥: 008 slog oes conics va eestor 96. 00 
Estimated digestibility of very young veal.........)..........[...0ce0eee 97. 30 
Experiment No. 28 (subject J. R. F.): | 
sg 6s Saini: senaiwindt aamauunereeemeaatnan 752.0 217.6 | 28. 94 
CONE raters rey ee oer 717.0 64. I 8. 94 
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TABLE I.—Data of digestion experiments with very young veal in a simple mixed diet— 














Continued 
Item. Weight. | Protein. 
| 
Experiment No. 29—Continued. Gm. | Gm. Per cent. 
OOS et cave uses shee ba thew ee culd Teeweates 68. 0 | 32. 5 47. 82 
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Average food consumed per subject per day. ; 964. 2 | 103. 6 | 





SUMMARY OF EXPERIMENTS WITH VERY YOUNG VEAL 




















| Digestibility of protein. 
Bang Subject. | 
| Total diet. | Veal alone. 
| Per cent. Per cent. 
Boteeina We MENS eo teehee aseal duende kaeer came neeen 94. 8 95-3 
Oekacces | | 0) ee re eerste re eval ee rene go. 8 89. 7 
ROS sicis0' PU RmE LS owe usteshaseper onvendduesamantteaere deed 94. 0 94.1 
7 Cepeer | W. WP heave Sees sok wesc sReecaee eensenuee, | 94. 8 95-4 
27 pinwaes | W ay Hokie ee Kee ESALENRE TER ETRE S Whes weees 96. 0 97-3 
ee BRUEeS We eet hc WOR Sn dk ee hea Eee ua wales 91.9 QI. 4 
“ae FI Bh cx ocdctiaesdncnunecaayatnacesacteoseoael | 87.7 85. 8 
| 
| PGI id tio Monies cvacndcecemeteuweleues: | 92.9 | 92.7 





From the data recorded in these tables it may be calculated that an 
average of 237 gm. of meat, furnishing 78 gm. of protein, or 75 per cent 
of the total protein of the diet, was eaten daily. The five subjects com- 
pleted the experiments in good condition and without having experienced 
any physiological disturbances. The average values of seven experi 
ments for the digestibility of total protein and that of meat protein alone 
are practically identical, being for the former 92.9 per cent and for the 
latter 92.7 per cent. The values estimated for the digestibility of bob- 
veal protein in the different experiments are not consistently higher or 
lower than the determined values for the protein of the total diet. This 
irregularity is very likely due to the variation in the amounts of protein 
obtained from the different sources. 


CHECK EXPERIMENTS 


Tests of the digestibility of market veal, using the same basal ration 
and with the same subjects and method of cooking as for bob veal, 
were made in order to compare the digestibility of very young and 
market veal under identical conditions. For this purpose legs of veal 
from animals at least 4 weeks old were purchased in the open market. 
Although it was realized that market veal contained a larger percentage 
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of fat than bob veal, only the superficial fat was removed before cook- 
ing, no attempt being made to secure meat cakes from market veal of 
the same composition as those made of bob veal. The fat contained in 
the market veal comprised the minor portion of the total fat content of 
the diet, and, moreover, for the sake of comparison with bob veal, it 
was necessary to know only the digestibility of protein. The digesti- 
bility of the protein alone, therefore, has been studied in these experi- 
ments. This is reported for the entire ration and has been estimated 
for the protein of meat alone in the manner previously described. 

The results of three experiments with three subjects are given in 
Table II. 


TABLE II.—Data of digestion experiments with market veal in a simple mixed diet 
























































Item. | Weight. | Protein. 
| 
Experiment No. 18 (subject J. H. K.): Gm. | Gm. | Per cent. 
in Sa hue eae WERE MAADIER SOE eae pee Es ON 629.0 219. 0 | 34. 81 
a ER ee Tee PT ee 569. 0 53-0 Q. 31 
Pook Sah Fa GOR DER WE Ne RSC Oe eee 178.0 | 1.8 | I. 00 
BROS Faia buss h Sek ATED SN OCC RRG pba wae OR | 1,568.0 | 3-0 | 0. 19 
TOA ODE CONSUMER «5 56.5) 0.6650 0:05 sccssnee os 2,944.0 | a ee 
ME rach ss cecess cate acaa ti aaa es a Oat 38.0 7.21 45. 00 
PORE NOG sas so cc iach atinssarccancctateslucesewenes | eee 
Digestibility of entire ration.................. liaieesanlesnleeaaewnene 93. 80 
Estimated digestibility of market veal..........[..ccssccccleceewcenes | 93-90 
- | 
Experiment No. 19 (subject W. E. L.): | | 
MU sino eine bp 0s MAMIE AES ARNIS SCRA RSS IO 689. 0 239. 8 | 34. 81 
SEE ree Cor en Oe me I ates 725.0 67.5 | Qg. 31 
Me aie Enis 6c bees Calne howls een sheen ast 158. 0 | 1.6 I. 00 
IE susp Abiaieasianls e goinnanig i ew te omen vienna ete T, 536. 0 | 2.9 0. 19 
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SUMMARY OF EXPERIMENTS WITH MARKET VEAL 





| Digestibility of protein. 
| 














Pay | Subject. | . 

No. . Market veal 

Total diet. siead. 

4 

ce Per cent. Per cent. 
: ae REN Saves heck «ules oR hees Ceeneue were rRereteres 93.8 93-9 
SO cews WW Ne Bir Sasa isclsantansncadeenederrcesanateraene es 92.0 gt. 6 
) re Wate ieee cicecenciistesoied exeteta nee aeweaes 93.0 92.9 
FEV ONBNG sas ciauiacuinccnncdancantans cen neeseseesl 92.9 92. 8 





The digestibility of the protein of the total diet was determined to be 
92.9 per cent, while it was estimated that the protein of market veal 
alone was 92.8 per cent available, values somewhat lower than those 
found by Grindley (7) for roast veal and for meat in general. The 
amounts of food eaten in these experiments and those with bob veal 
were approximately the same and furnished the same average amount 
of total protein (103 gm. per day), indicating that both rations were 
eaten with equal relish. 

CONCLUSIONS 


As determined by the experiments herein reported, the digestibility 
of the protein of bob veal is the same as that found for market veal— 
namely, 93 per cent, in round numbers. The subjects of both dietary 
and digestion experiments, so far as could be learned, experienced no 
physiological disturbances during the experimental period or afterwards. 
The tests showed that such veal can be prepared for the table in palat- 
able ways and that so far as could be judged it was not unwholesome 
when eaten in quantity. In the digestion experiments the average 
weight of protein supplied by the meat exceeded that generally fur- 
nished by the meat portion of the ordinary diet, indicating that very 
young or bob veal was not distasteful. The experiments here reported 
also indicate that the general opinion that young veal is a common 
cause of digestive disturbance or fails to digest as thoroughly as similar 
foods is not justified. 
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INFLUENCE OF CALCIUM AND MAGNESIUM COMPOUNDS 
ON PLANT GROWTH! 


By F. A. Wyartr,? 
Assistant in Soil Fertility, Agricultural Experiment Station of the University of Illinois 


INTRODUCTION 


Some investigators seem to question the advisibility of using mag- 
nesium-bearing minerals in agricultural practices, since they deem mag- 
nesium detrimental to optimum plant growth. Magnesium in some forms 
is detrimental to plant growth. However, the natural carbonates, such 
as limestones and dolomites, are not detrimental but in reality beneficial 
to plant growth when applied in amounts sufficient to neutralize soil 
acidity. Plants were found to grow and mature normally in pure dolo- 
mite and limestone. 

In scientific circles considerable attention has been paid to the theory 
that calcium and magnesium must occur in a definite ratio for the opti- 
mum production of crops. Loew claims to have proposed this theory in 
1892 (15)°, and much work has been conducted along this line, especially 
during the last decade. From the data presented in the following pages 
it will be seen that the ratio, within wide limits, had no effects. 

The presence of sufficient quantities of calcium and magnesium in all 
soils is essential for the profitable production of crops. Various forms 
and quantities of these two elements may largely control the yields and 
composition of the harvests. 

It is a well-known fact that plants will tolerate larger amounts of an 
essential element than they require. The quantity of calcium and mag- 
nesium taken up by plants is dependent upon the amount available and 
upon the kind of plants. The silicates of calcium and magnesium are 
relatively insoluble, while the chlorids are very soluble. Dolomite is 
denser and less soluble than limestone but more soluble than magnesite. 
Synthetic compounds of magnesium are more soluble, however, than 
similar compounds of calcium. 

Alfalfa, when grown in sand and soil cultures with varying amounts of 
calcium and magnesium minerals, such as dolomite and magnesite, also 
with prepared compounds of these two elemerits, such as the chlorids, 
sulphates, and carbonates, was found to contain varying amounts of 
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calcium and magnesium. Some treatments showed as much as 52.5 
pounds of calcium and 12.98 pounds of magnesium per ton of dry alfalfa. 
However, the above amounts were in excess of the absolute requirements, 
as smaller applications gave as large yields and the alfalfa contained only 
28 pounds of calcium and 8 pounds of magnesium per ton of dry matter. 
On this basis 6 tons of alfalfa with a high-calcium content would contain 
315 pounds of calcium and 77.88 pounds of magnesium, or the equiva- 
lent of 787.5 pounds of calcium carbonate and 272.5 pounds of magnesium 
carbonate. Wheat straw, when grown in pure dolomite, contained 14.48 
pounds of calcium and 14.6 pounds of magnesium per ton, whereas when 
grown in the absence of excessive amounts of these two elements the 
straw contained only 5.96 pounds of calcium and 5.43 pounds of magne- 
sium per ton. ' 
REVIEW OF THE LITERATURE 


Solution cultures and pot cultures have contributed largely to our pres- 
ent knowledge of plant nutrition. Woodward (42) found that the solid 
particles of the soil furnished nourishment to the growing plants and that 
water acted only as a carrier. 

Wolf (4) found by using beans and maize in controlled solutions, that 
the concentration as well as the kind of salts in the solution effected 
plant growth. His results show that when the concentration of the 
external solution was more than 0.25 per cent it became the controlling 
factor; whereas if less than 0.25 per cent absorption was controlled by 
the solution within the roots. 

Dassonville (1) found that cutinization and lignification of the epidermis 
of leaves occurred much more rapidly in distilled water than in nutrient 
solutions; also that the growth of hemp and buckwheat was not influenced 
by the presence or absence or calcium and magnesium. 

The crop is the measure of the resultant of all factors. In accordance 
with the present knowledge any one or many of the factors can be con- 
trolled. Likewise, the total amounts of the elements essential for crop 
production can be quantitatively determined. ' 

Magnesium is essential for the growth of any living cell. Calcium 
is likewise essential except for the lower fungi and lower alge, which 
alone are able to exist without it. Loew (16, p. 44) shows that neutral 
oxalates are not poisonous to the lower fungi. He attributes the dele- 
terious effects in higher plants to the change in the structure of the cal- 
cium-protein compounds, due to the formation of calcium oxalate, while 
the disturbance is brought about by the change in imbibition caused by 
the formation of potassium-protein compounds, and that magnesium 
may bring about this change provided there is a deficiency in calcium. 

Reed (29) found calcium to be necessary to the activity and growth of 
chlorophyll-containing organs. Willstatter (40) has pursued in detail 
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the study of chlorophyll and finds it to be a magnesium compound with 
generally three times as much green pigment as yellow pigment. He 
found that the magnesium content of chlorophyll was constant in both 
land and sea plants; therefore, it must function other than as a catalyzer. 
Pfeffer (27, p. 425), Macdougall (17, p. 219), Peirce (26, p. 100) and 
others believe magnesium and calcium play an important and necessary 
function in plant synthesis and cell formation, but are unable to assign 
any specific réle to either of these elements. 

There has been considerable contention as to whether calcium could 
be replaced by other members of the group. Haselhoff (7) grew beans 
and maize in solutions containing varying quantities of calcium and stron- 
tium and concluded that strontium seemed to take the place of calcium, 
replacing it only when the supply of calcium was inadequate. But it 
must be remembered that he first used calcium and strontium together 
in the solution and later reduced the calcium. However, Loew (16, p. 48) 
was unable to substantiate these results when he used species of Trades- 
cantia. 

Loew explains the toxicity between calcium and magnesium as being 
due to the formation of an insoluble condition of the phosphoric acid 
being fixed by the calcium, and that the framework (15) of the nucleus 
and plastids is a double organic salt of calcium and magnesium. How- 
ever, Meurer (19) and Nathansohn (23) offer another explanation: Cells 
being selective in their absorption of ions can check osmosis before a 
balance is reached between the solution within and without the cell, and 
the absorption of salts does not increase proportionally with the increase 
of concentration of the outside solution. Osterhout (24) using calcium 
nitrate and magnesium nitrate was unable to substantiate Loew’s 
assertion. 

Considerable work has been done upon the antagonism of respective 
salts for each other in solution. Kearney (11, p. 20) shows that calcium 
salts are most beneficial in reducing toxicity. Lipman (14) reports 
toxicity between magnesium and sodium but not between magnesium 
and calcium. 

Numerous investigators have sought answers to the proposed theory 
of a lime-magnesia ratio with just as numerous and conflicting results, 
Solutions, pot cultures of soil and sand, and field soils have all been em- 
ployed in attempts to settle the controversy. Ulbricht (34) showed that 
yellow lupines, barley, and vetch were injured by applications of lime, 
especially when it contained high percentages of magnesia. Magnesia 
apparently increased the proportional yield of grain in the case of barley 
and lupines. Dojarenko (2), however, concluded that the theory of a 
definite calcium-magnesium ratio was not tenable, as many Russian soils 
containing great excesses of calcium over magnesium were benefited by 
liming. 
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The results of water and soil cultures by Géssel (6) failed to substan- 
tiate the theory of a definite ratio of calcium to magnesium. He obtained 
the highest yields for beans and barley with water cultures when the 
ratio of lime to magnesia was 0.04 to 1, and concluded that the effect of 
liming is dependent upon the character of the soil and not upon a definite 
ratio of lime to magnesia. About this same time the Japanese inves- 
tigators (22) were actively engaged with the problem. However, their 
results all seem to bear out the theory of a definite ratio. 

Konovalov (12), a Russian investigator, reports studies with barley, 
millet, oats, and maize, varying the ratio of calcium oxid to magnesium 
oxid, as follows: 13.4 to 1, 6.7 to 1, 3.3 to 1,0.8 to 1,ando.4 to1. He 
found that the yields tended to increase with the increase of lime appli- 
cation, provided the magnesia content remained constant. Notwith- 
standing these results, Voelcker (35, 36, 37) states that the ratio is best 
Qt 1-0-4. 

Meyer (20, 21) found that with buckwheat and oats the dependence 
of maximum yields on a definite ratio of calcium to magnesium could 
not be proved even in the case of soils containing more caicium than 
magnesium or vice versa. Undoubtedly the most extensive investiga- 
tions regarding a definite calcium-magnesium ratio have been con- 
ducted by Lemmerman (13) et al. They used six different soils and 
grew vetch, oats, barley, rye, wheat, clover, mustard, and buckwheat, 
with the investigations extending over three years, 1907 to 1909, inclu- 
sive. From the standpoint of yields the ratio had no effects within 
wide limits. Stewart (33) reports soils having 16.88 per cent of calcium 
oxid and 6.1 per cent of magnesium oxid which were cropped for 40 
years without the addition of fertilizers, except in the case of sugar 
beets, which received manure. The 8-year average yields are 80 bushels 
for oats, 50.4 bushels for wheat, 262.3 bushels for potatoes, and 21.8 
tons for sugar beets. 

Wartiadi (38) used sand and water cultures with wheat and barley and 
found that calcium and magnesium were beneficial or detrimental in 
proportion to their relative amounts in the culture solution. Russell 
(30, p. 144) finds no connection between the lime-magnesia ratio and 
the productivity of the soil. Haselhoff (8) also failed to substantiate 
Loew’s theory, while Hopkins (9, pp. 170-171) found magnesium car- 
bonate beneficial up to 0.8 per cent when added alone and in connection 
with calcium sulphate in such amounts as to maintain a ratio of 4 to 
7, respectively, of magnesium oxid and calcium oxid. 

Gile (3) reports that with the chlorids of calcium and magnesium at 
low concentrations the ratio exerted no influence, while at high con- 
centrations it was effective. Good yields of pineapples (4) were pro- 
duced from soils in Porto Rico when the ratio varied between 1 to 13 
and 73 to 1; and in one field where the ratio of calcium oxid to magnesium 
oxid was 1,461 to 1 a yield of 60 tons of sugar cane was realized. 














July 17, 1916 Influence of Calcium and Magnesium on Plant Growth 593 





Pisciotta (28), an Italian investigator, reports the analysis of 60 soils 
which show a wide variation in the lime-magnesia ratio, due to the 
variation in the lime content. Patterson (25) found that magnesian 
lime, which is claimed to be poisonous, gave the highest yields. 

In summing up the literature studies previously mentioned, it will be 
seen that Loew and his associates and Japanese students maintain the 
theory of a definite lime-magnesia ratio, as do Ulbricht and Wartiadi, 
whereas Dojarenko, Géssel, Konovalov, Meyer, Lemmerman, Haselhoff, 
Gile, and Patterson claim that a definite ration of lime to magnesia is 
not tenable and, furthermore, lacks substantiation. 

Lemmerman et al. have undoubtedly conducted the most extensive 
investigations upon this subject and conclude that there is no correla- 
tion between maximum crop productions and the ratio of lime to magne- 
sia. Soils reported by Russell and by Gile show wide variations in the 
lime-magnesia ratio, also in the percentages of these two elements, and 
that there fails to be any correlation between the productivity of a soil 
and its ratio of lime to magnesia. 

Solution cultures show that a specific ratio of lime to magnesia is not 
equally effective in dilute solutions and in concentrated solutions. This 
indicates that the effectiveness is dependent upon the total balance of all 
the salts in solution instead of merely the ratio of calcium to magnesium. 

The preponderance of evidence appears to be against a definite ratio 
of lime to magnesia, especially with respect to soil cultures in pots and 
under field conditions. What really seems of first magnitude is the 
resultant of all factors—that is, the climate, the plant, and structure, 
reaction, micro-organic activity, and composition of the soil. 


EXPERIMENTAL WORK 


These experiments were planned with the idea of studying the effects 
of calciurr and magnesium upon plant growth when applied in different 
natural and in artificially prepared forms. Studies were made to deter- 
mine the amount of calcium and magnesium which the plants could 
tolerate. The relation between the ratios of these two elements in the 
plants, in the soils, and in the materials applied was also studied. 

Dolomite, limestone, magnesite, calcareous soils, and brown silt loam 
were used as sources of the natural forms, while’prepared materials, such 
as the carbonates, chlorids, and sulphates, served as sources of the arti- 
ficial forms. Increasing amounts of the various forms were used, also a 
variance in the ratio of calcium to magnesium was employed. The 
earlier applications varied from 0.1 to 0.6 per cent of magnesium added 
in magnesium carbonate and in magnesite. Later the following amounts 
were employed: 2, 6, and 1o per cent of magnesium in magnesite; 10 
and 12.7 per cent of magnesium in dolomite; 0.1, o.o1, and 0.001 per 
cent of magnesium in the carbonates, chlorids, and sulphates. In each 
series sand or soil was used as a control. 
42719°—16——2 
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DESCRIPTION OF PROCEDURE AND METHODS 


Earthen pots 6.5 inches in diameter by 7.5 inches in depth were used. 
Each pot contained 13.2 pounds of sand, while in the soil series each 
contained 8.8 pounds of brown silt loam. Sand and soil were used as 
mediums of control, and to these two materials were added the various 
forms and amounts of calcium and magnesium. 

Various methods were pursued in extracting the sand. At first 
dilute hydrochloric acid (HCl) was kept in contact with the sand for 48 
hours, but this failed to remove all the calcium and magnesium. Later 
the sand was extracted with stronger acid (1,350 ¢c. c. of concentrated 
hydrochloric acid plus 1,000 c. c. of distilled water) for periods of from 9 
to 14 days. Sand was also digested on a steam bath for 4 days with this 
same strength acid. None of the above processes were able to remove 
all the calcium and magnesium from the sand, as will be seen from the 
analysis reported. 

At intervals varying from 10 days to 2 weeks plant food was added 
from the following solutions: 

(1) Potassium sulphate, 50 gm. to 24 liters of water; (2) ammonium 
nitrate, 80 gm. to 214 liters of water; (3) disodium phosphate, 26.1 gm. 
to 214 liters of water; (4) ferric chlorid, 0.4 gm. to 1 liter of water. 

The calcium and magnesium were applied in forms previously men- 
tioned. The moisture content of the sand was at first 12 per cent, but 
it was later raised to 14 per cent, while for the brown silt loam it was 24 
per cent. Every 10 days the pots were brought to standard weight by 
adding distilled water. : 

All crops were grown in the agronomy greenhouses at the University 
of Illinois. The principal crops used in these studies were wheat (Triti- 
cum spp.), alfalfa (Medicago sativa), soybeans (Soja max), and cowpeas 
(Vigna sinensis). Oats (Avena sativa), clover (Trifolium pratense), timo- 
thy (Phleum pratense), and sweet clover (Melilotus alba) were also used 
to test the effect of artificial carbonates upon germination. 

In the wheat and soybean series, 10 seeds per pot were planted and 
7 plants permitted to grow, while for alfalfa 15 plants were permitted 
to grow whenever possible. 

In making determinations for calcium and magnesium, the soils 
were first fused with sodium peroxid and from this point the usual 
method was emploved. The calcium oxalate was dissolved in dilute 
sulphuric acid (H,SO,) and the calcium calculated from the amount of 
N/ro potassium permanganate required to oxidize the oxalic acid thus 
formed. The magnesium was precipitated as magnesium-ammonium 
phosphate and burned to the pyrophosphate. In analyzing the plants 2 
gm. of finely ground material were ashed, taken up in hydrochloric acid, 
and the calcium and magnesium determined as above stated. Acid 
extractions of the dolomites and limestones proved as good as fusions. 
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TABLE I.—Composition of materials supplying calcium and magnesium to the soil 
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1 From Columbia, Il. 


The brown silt loam used in series C and D was taken from the surface 
of sod land and had only the coarser roots removed. The calcareous 
soil was taken from a layer varying from 8 to 12 inches in thickness and 
72 inches below the surface in the forestry near plot 719 of the north 
farm of the university. The coatser pebbles were removed before using. 
The analysis in Table I refers to the portion used in growing crops; the 
coarser pebbles show a higher content of calcium and magnesium, or 
13.34 per cent of calcium and 5.97 per cent of magnesium. 

The 6,000 gm. of sand, after being extracted with hydrocnloric acid, 
contained for each pot from 768 to 852 mgm. of calcium and from 540 
to 960 mgm. of magnesium. From the following tables it will be seen 
that the plants had the power to obtain considerable quantities of the 
apparently insoluble calcium and magnesium silicate, as they obtained 
quantities in excess of the amount added in the seeds, although they 
show lower contents than plants grown in an excess of these materials. 
The chemically pure magnesium carbonate gave an immediate alkaline 
reaction to phenolphthalein upon the addition of distilled water. Dolo- 
mites Cr and C3 likewise showed an alkaline reaction to this indicator, 
but only after having been in distilled water over night. Magnesite 
after standing in distilled water from 8 to 12 hours was alkaline to 
phenolphthalein, as was also the calcareous soil. 

In experimenting with artificially prepared magnesium carbonate, a 
great deal of care was taken to obtain the alkali-free substance to begin 
with. This can be prepared by a precipitation from solution with ammo- 
nium carbonate. Magnesium carbonate in the presence of water has a 
great tendency to hydrolyze, which may at least partially explain its 
poisonous effect. ; 
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EFFECT OF MAGNESIUM AND CALCIUM IN PREPARED CARBONATES AND 
IN DOLOMITE UPON WHEAT AND ALFALFA GROWN IN SAND (SERIES A 
AND B) 


The sand used in series A and B was extracted as previously described, 
washed free from acid, and the application made on the moisture-free 
basis. Pots 1 and 2 of series A and pots 21 and 22 of series B received 
no calcium or magnesium. Pots 3 and 4 of series A and pots 23 and 24 
of series B received 2 per cent of dolomite C1 or 0.2 per ceut of the element 
magnesium. Pots 9g to 20, inclusive, of series A and pots 29 to 40, inclusive, 
of series B received magnesium and calcium in prepared carbonate in 
amounts varying from 0.1 per cent to 0.6 per cent of magnesium. The 
magnesium carbonate was alkaline and of the following formula: 
Mg(OH),.4MgCO,. 

Table II contains the yields for the above treatments. When added 
to sand, the lowest applications of magnesium in the prepared carbonate 
very materially retarded germination and inhibited growth; whereas 
amounts of 0.6 per cent of magnesium in dolomite caused no injury and 
even benefited growth. 

The ratio of calcium to magnesium throughout this and all succeeding 
tables is reported as molecular calcium to molecular magnesium, with 
calcium always expressed as 5. ‘The yields and percentages in all the 
tables are reported on the water-free basis. The wheat, series A, was 
harvested 83 days after being planted, while the alfalfa, series B, was 
harvested 84 days after being planted. 


TABLE I1.— Yields of wheat and alfalfa (in grams per pot on a water-free basis) in sand— 
B 
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The pots receiving magnesium and calcium in the prepared carbonates 
in a ratio of calcium to magnesium, as 5 to 4, inhibited germination and 
permitted no growth. 
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Table III shows the analysis of the plants reported in Table II. The 
results here reported are the average of four determinations from dupli- 
cate pots. 

From Table III it can be seen that the alfalfa is a heavier feeder on 
calcium and magnesium than is wheat, and that the percentages and the 
total amounts removed by the plants tend to increase with the increase 
in application, except where the calcium and magnesium are applied in 
the artificially prepared carbonates, in which case the lowest application 
is sufficient to inhibit growth and retard germination. 

Throughout all the series the general tendency was for the calcium 
and magnesium content of the plants to increase with the increase in 
application. Wheeler (39) found that when magnesium was applied in 
the form of the sulphate the crop showed the ratio of magnesium oxid to 
calcium oxid to be as 1 to 1.13, but when magnesium was not present in 
the fertilizer the ratio of magnesium oxid to calcium oxid was 1 to 2.7. 


TABLE III.—Analyses of wheat and alfalfa—series A and B 


WHEAT STRAW 








Substance added. | Composition of plants. 



























































| 
| 
: | Molecul, 
Pot No. le ” sii - | J ratio of 
| um. e a a b } ag <i 1. r +. 
| Calei sium. alcj1um | agnesium ‘a 
sium, 
| Per cent. | Percent.| Mgm. | Per cent. | Mom. Per cent. 
DS eee | ©. O142 | 0. 0165 37-0 | 0. 187 21.4] 0.108 5:5.1 
Pe pik Oe eRe ERENT | OREN «2 68. 5 . 298 62. 6 - 271 5:7-.6 
AI Biics-cyicacx are ep) @ OR 6 60. I - 386 66. 6 - 421 5:9.1 
' 
WHEAT ROOTS 
ee, - 0142 | . 0165 43: 4 . 187 24.8 . 09 5:4.1 
5 MI 8 “a 85. 3 - 452 55:3 -292] 5:5.4 
it reer ee .6 91.8 . 96 47-9 - 50 5:4-35 
ALFALFA HAY 
Poe fc ere | .o142 | . 0165 14. 4 -347 | 6.84 . 164 5:3.9 
Ce Renee Um a 181.0] 2.565] 30.6 - 431 5:1.4 
BF ONE 2s iicccicce| «000 6 196.5 | 2.622] 48.6 . 649 5:3 
ALFALFA ROOTS 
l l l Nl 
ar and 22............,| . 0142 | -0165 | 8.52 -19 6.26} .14 5:6.1 
23 and 24...........--| «333 | -2 | 48.8 . 46 50. 0 -472| 5:85 
27 GHG 28... 65 scc0005] «O00 | .6 | 54.4 561 | 78.9 815 | 5:12 








@ Pots 1, 2, 21, and 22 were extracted sand and received no calcium and magnesium. 
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EFFECTS OF CALCIUM AND MAGNESIUM IN PREPARED CARBONATES AND 


IN DOLOMITE UPON WHEAT AND ALFALFA IN BROWN SILT LOAM (SERIES 

C AND D) 

Magnesium and calcium in prepared carbonates were less harmful in 
brown silt loam than in sand (series C and D). In fact, applications of 
0.1 per cent of magnesium or 0.35 per cent of magnesium carbonate 
gave an increase over the check, and 0.7 per cent of the carbonate was 
practically as good. It must be remembered that the soil before treat- 
ment contained 0.305 per cent of calcium and 0.352 per cent of magnesium. 
The calcium and magnesium were added in the relation of 5 to 4, but the 
amounts in the soil changed this ratio to 5 to 7.1. Applications of 3.5 
tons of prepared magnesium carbonate per acre were beneficial, 7 tons 
were about equal to the check, while upward of 10 tons caused practically 
no growth of the plants. 


TABLE 1V.— Yields of wheat and alfalfa (in grams per pot on a water-free basis) in brown 
silt loam—series C and D 






































Molecular Wheat, series C Alfalfa, series D. 
atio of 
Treatment. pow awd | | 
oe | Tops. | Roots — Tops. | Roots. 
Brown silt loam only..................| 5:96] 41 | 89 | 6.8 65 | 4.64] 6.86 
Ee ee oe seen eeees 5:9-6 |] 42 | 9.3 7-9 | 66] 4.28] 6.53 
Percentage of magnesium in mag- 
nesium carbonate plus calcium car- 
bonate: 
dei { S:7ox (gg | 16 19:26 | 67 | 5.96) 6.96 
BE cs cas a acs on Roa ees elsrore SOE 3:7.1| 44| 11.0 | 7.0 | 68) 5.35| 65 
m { Sc7.k | ey | Sek 1 585.1 60)| 9598 | aap 
Oe oe ee Ter eS 3:7.1 | 40| 81 | 6.07 | 70| 3.03] 2.85 
S /asnanitehinesactedduaenenien { Coe ee aa Oe ae ee rn 
pian aw aauniaeie e Metlaanee oes 3:7. | 48 | 4.08 | 3.17 | 72 | 2.58| 1.69 
4 { 5:7-1 | 49 «9 CEM e's Saha sie4-s 
se le aatacet qucresare ture ns Meares eee 3:7. | 50 aes iam... 4. .... 
Pr ee { CSO Lees |) OM MORE EN bixcecdteeeen. 
9 539.2) 92 S| I fa ss ca7ohoedicies 
ee { 5:73 53 . ett eee veer 
ii oaiecs ticie : : “$37.8 | 54 5 eee 
Percentage of magnesium in dolomite 
Cr: 
ae { 5:48 | 55) 9.52] 5-45 | 79 | 5-17 | 6.05 
basi swadstetnrabae ss Meaeenetee 5:4.8 | 56 | 10.8 | 6.07 | 80 | 5.0 5, 08 
{ 5:4.81 57] 9.61 | 815 | 81 | 5.35 | 6.85 
Mi de rnas choad Seach ko eae Con \ 5:4.8| 58| 9.07 | 7.25 | 82 | 5. 08 5. 88 
fildeniliese thd aes 5:48] 59/100 | 88 | 8/437] 3-7 
; 5:4.8 | 60] 9.52] 815 | 84 | 54g | O25 
‘ { 5:4-8] 61} 8&9 | 4.53 | 85 | 5-43 | 4-72 
POE OROD OSE CEALREAUCESDDSCCE ECO OD | Stn. 8 62 | ie 71 4. 62 86 . 60 4. 64 
Botte es Beene A eeslal waiteimical oe 
iL 5:48 | 64 | 7.52 | 4.53 | 88 | 5.52 | 3.65 





MaclIntire (18), while working with three different kinds of soils, found 
that 8 tons per acre of precipitated magnesium carbonate were decidedly 
toxic to wheat. He also found that both the oxids and the carbonates of 
precipitated magnesium were many times more soluble than the cor- 
responding forms of calcium, while in the case of the native mineral 
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carbonates limestone was 1.62 times as soluble as dolomite and more than 
3 times as soluble as magnesite. 

Applications of dolomite C1 up to 4o per cent caused no injury to 
either wheat or alfalfa. 

Table IV shows the treatments and yields of seriesC and D. Analyses 
of these plants are reported in Table V. Series C (wheat) was harvested 
83 days after planting and series D (alfalfa) was harvested 84 days after 
planting. 

From Table V it can be seen that wheat grown in soil (pots 41 and 42) 
shows 0.279 per cent of calcium and 0.256 per cent of magnesium, but 
when grown in extracted sand (Table III, pots 1 and 2) it had only 0.187 
per cent of calcium and 0.108 per cent of magnesium, showing that there 
is a decided tolerance for these two elements. By comparing the wheat 
with the alfalfa it can be seen that, while alfalfa is a heavier feeder than 
wheat on calcium and magnesium, the proportional amounts of calcium 
are greater in alfalfa than in wheat. 


TABLE V.—Analysis of wheat and alfalfa grown in brown silt loam—series C and D 


WHEAT STRAW 




































































Substance added. Composition of plants. 
Pot No. ey 
Calcium. aus Calcium. Magnesium. as 
nesium. 
a ee 
Per cent. | Per cent. Mom. | Per cent. Mgm. | Per cent. 
ar and 42.............] 0305 | 0352| 27.1 | 0297] 23.31 | a256| 5: 7.2 
ATER icccciccesss| <Ry - 458 » 6 -297 | 52.7 . 467 5:13. I 
47 and 48.............| .97% |. 672 .76| .352] 32.8 | 1.19 5:28. 1 
SCORE Gee icciscesesh ES .2 Ps 4 | 353 33-8 | .3371 5277-9 
OF ONE 64.6065 cccs.| O30 40 | 29.2 | 31.0 | -456|} 5 88 
WHEAT ROOTS 
Te 2 emer mmr -352 | 21.9 -298 | 19.6 266} 5: 7.5 
POY Oe mee -458 | 29.8 -419 | 25.1 - 392 a39 
pe 2 ee eee . 671 9.7 99a | IEG 626} 5:14. 1 
gs and 56.............] .31§| .2 | 340 ~s 22.8 - 397 5: 6 
OF GE 666 6505 cesccccfp OS | ee | sxe 1.102 | 34.1 95F) S89 
ALFALFA HAY 
G6 GNG-66..<. 022000008) 2 Ge «392 | 70 1. 595 | 17.7 398] 5: 2.2 
re -458 | 78.4 1.56 | 35.3 624] 5: 3.8 
re, SO Ome 671 | 11.4 . 86 12. 82 . 96 5: 9.3 
WROD OOciiccccvcccsl See 2 | Ses 1.684 | 25.0 - 492 §: 2.4 
OF MNES. 65 ccccavns st 6 Ze 40 | 985 1.84 | 27.8 . 521 §: 2.3 
ALFALFA ROOTS 
GE ONE OG. 6.6: cccccceh +908 .352 | 21.46) .326] 34.0 | - 462 5:11.8 
OF BR OR is sslencdene: aay -458| 25:2 | .3941 375 - 558 5:14. 7 
aC, raters Umm 2 .671 | 10.64! .628] 17.2 I. 00 533.9 
PORE 65. becsicee csc 6 SEN a2 25.0 | .449] 300 «S | S20 
OF OME GS. oe ccc Of 4.0 96.0 | 2.2 59. 2 1. 358 | S$; .62 
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EFFECT OF MAGNESIUM AND CALCIUM IN DOLOMITE, MAGNESITE, AND 
PREPARED CARBONATES UPON WHEAT AND ALFALFA IN SAND (SERIES 
E AND F) 


Table VI shows the yields of wheat and alfalfa when grown in sand 
and treated with increasing amounts of magnesium in magnesite. The 
applications vary between o.1 per cent of magnesium and 0.6 per cent 
of magnesium or 0.35 to 2.1 per cent of megnesite. Chemically pure 
calcium carbonate was added to make a ratio of calcium to magnesium 
equal to 5 to 4. The wheat and alfalfa in these two series were grown 
to maturity, the seeds being ground up with the straw and an analysis 
of the composite made. 

There was but little seed upon the alfalfa, owing to the fact that it 
was grown under screens and the fertilization was poor. However, the 
treatments seemed to cause no injury except. where magnesium was 
applied in the form of the prepared carbonates in pots 104 and 120. 
TABLE VI.— Yields of wheat and alfalfa (in grams per pot on a water-free basis) in mag- 

nesite—series E and F 



































| Wheat, series E. Alfalfa, series F. 
Molecular 
‘Treatment a ; 
reatment. calcium ” ” First | Second 
nesium. | No. | TP | No, | <p. | crop. | Roots 
—___—_——— |-——- —_—— ———aa 
DANDY ica cate nec de cbbine nate e Hines se wets 89 7.25 | 105 | 6.86 | 5.2 3. 78 
Percentage of magnesium in | 
magnesite plus calcium car- 
bonate: 
PE eke Kaan wana ee aonenr | Sta go 6.52) 165 | 6:60-|-§.90] 3.22 
Nl S24 QI 7.16 | 107 | 8.35 | 5.8 5. 46 
Wis o ain cana name aiegenion aes { 5:4 92 5-98 | 108 | 6.77 | 6.16] 7.48 
L534 93 | 9-88.) 109 | 6.25 | 4.94| 4.57 
siete 94 | 10.96] 110] 5.72] 5.2 3. 96 
Il 5:4 95 6.8 Str 1 5:6 | 5% 4. 32 
Bccicateonccketheexeanen { 5:4 96 7.07 | 112 | 5.64 | 4.48] 4.48 
il 5:4 97 7.8 113 | 6.77 | 5.02 | 1.85 
i inicfas ava Steals Saale eenaiaes { 5:4 98 9.15 | 114 | 6.07] 4.31] 1.49 
5:4 99 7.8 115 | 7-92 | 4-4 2. 38 
eTee Seater eee { 5:4 100 | 11.4 116 | 7.48 | 5.2 5. 02 
5:4 IOI 6.25 | 3117 17:32 15-55 | 3-52 
Percentage of magnesium in | 
dolomite C3: 
cere rere Care. { 535.2 | oa 9.42 | 118 | 6.34] 5.9 4. 93 
§:5.2| xog}| 10.86 | 119 | 5.721 466] 2.64 
Percentage of magnesium in | 
magnesium carbonate......... 5:4 TG eae ONG. cn pebciceca cence 








Table VII shows that the higher treatments have higher contents of 
calcium and magnesium in the plants. The wheat grown in sand (pot 
89) shows only 3.3 pounds of calcium and 2.6 pounds of magnesium 
per ton, as against the pots treated with larger quantities of magnesite 
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(100 and 101), which show 5.52 pounds of calcium and 10.88 pounds 
of magnesium. 

Gile and Ageton (5, p. 44) show that many plants such as soybeans, 
sugar cane, and sunflower have higher lime contents when grown upon 
calcareous soils and that the increase in lime content tends to decrease 
the amount of magnesia, iron, and potash. 


TABLE VII.—Analysts of wheat and alfalfa grown in magnesite—series E and F 


WHEAT STRAW 





















































| 
Substance added. | Composition of plants 
| | Molecular 
ratio of 
Pot No. | calcium to 
Calcium. —— | Calcium, Magnesium. a 
! 
Picanecedlae inasiasiesaiie 
Per cent. | Percent. | Mom. Per cent.| Mam. | Per cent 
ACT OCC eee ICEE oe | © 014] ©0016} 12.0 0. 165 9.36] 0130] 5: 65 
GOOG GE ick: ccna ecnsis | 423 .100 | 10.55 ~%54| 1659] .248) $339 
§OO GH) -IOl... bcos ss I. 332 . 60 24. 4 .276| 4812 | .544] 5:16.4 
BOD BMG TOS o.6 50 6:0:0 cee . 967 . 60 24. 1 -237 | 323 | +317] 5108 
} 
ALFALFA HAY 
| | 3. oe | 4 
| > ' 
SAM ore ao wisesa (ocninisce sie 14| 016 87.4] 1.275 | 41.0 - 598 5:9.3 
306 ONnd 107. ......... | 222 . 100 106.8 | 1.49 45.1 - 63 Cee 
FIG GUE TIF... ccecess | 1. 332 | . 60 98.5 | 1.345 56.0 . 69 5:4.2 
EUS SNE TGs ccc cc snes 67 | .60 93. 2 1.55 39. 2 | 653 5:3-5 
ALFALFA ROOTS 
| | | | 
Co ede « nvadonines | «@g| .016] 264 672 | 14.52 - 385 5:4.8 
166 SUG IOP esac. ves | .222 <I | seg .89 | 43.8 . 64 5:6 
FIG MAG LIF s ike de cienns | I. 332 . 60 63.0] 1.48 | 61.1 | 1.434| 5:8 
SIS GHEE FIO: cccvericins | . 967 . 60 65.2} 1.73 | 35-8 -95 | 5:4.6 





EFFECT OF MAGNESIUM AND CALCIUM IN CALCAREOUS SOIL, MAGNESITE, 
DOLOMITE, AND PREPARED CARBONATES UPON WHEAT AND ALFALFA 
(SERIES G AND H) 


It can be seen from Table VIII that the ratios of calcium to magne- 
sium vary from one of 5 to 3.8 to one of 5 to 125 and that in both cases 
considerable growth occurred. However, in pots 135, 136, 161, and 162, 
receiving 35 per cent of magnesite and roo gm. of calcium carbonate, 
the plants showed a yellow color and some sickness; still, in the case 
of alfalfa the plants were able to set some seed. The yields in pots 123, 
124, 149, and 150, which received calcareous soil only, were somewhat 
less than where sand was mixed with the soil, owing to the soil being 
decidedly plastic and possessing a less desirable physical condition. 
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Plate LX XXIV shows the difference between some of the treatments 
in series G. Observe the small growth of the wheat in the pot receiving 
6 per cent of magnesium in magnesite. This is due to the physical con- 
dition caused by applying the magnesite in a finely ground form, which 
caused a setting that resembled cement, whereas in the pot with 1o per 
cent of magnesium almost twice as much magnesite was applied, but 
in a coarserform. For the ratios in these pots see Table VIII. 

Plate LX XXIV shows alfalfa growing under similar treatments. 


TaBLe VIII.— Yields of wheat and alfalfa (in grams per pot on water-free basis) in soil, 
dolomite, and magnesite—series G and 




















Molecular Wheat, series G. Alfalfa, series H. 
ratio of ‘i 
Treatment. calcium si a o| tana lee 
C oa 4 irs econ: ir 

pet me No. bei a Roots. crop. crop. crop. | Ni 

Sasi r2t | 15.4 6.53 | 3.6 9-59 | 5-63 | 147 

None............. saseetes: { 6 Gace i 5 ee a ee Sati € 148 
Percentage of magne- 
sium in calcareous 

soil: 

ae { 533.8] 123 | 22.93 | 7.25 | 7.99] 7.47 | 12.6 | 149 

ren ae §:3.8 , 284 | 8t0 | 14.7 7.04] 7-22} 10.02 | 150 

oc oer { 5:3-8 | 125 | 26.9 | 16.2 9.41 | 11.7 | 13.0 | 51 

Sega a nas §:3-8 | 126| 27.3 | 104 9-59 | 12.35 | 109 | 152 

0. 672 { §:3°0 | £27 | 86:5 | 19.4 | f0.3r | Fg:99 | Fag | 199 

a CO ee §:3-8 | 128] 28.62 | 9.25 | 10.02 | 12.3 9-59 | 154 

{ 533-9 | 229] 319 | 14.4 | 10.28] 9.68 | 20,77 | rEg 

neh + +s Kn aK erknad 5:3-9 | 130] 32.6 | 10.32] 9.68] 10.46] 7.83 | 156 
Percentage of magne- 
sium in magnesite 
lus calcium car- 

nate: 

7 { 5:4 231] 35-5 | rr-05 | 9.251 8.97] B38 | rs7 

eee eee 5:4 132 | 35.8 | 10.05] 10.9 9.86] 8.88 | 158 

it { edo 133 | O97 4.20 | 5.28} S45 | §:2 | tS0 

faint Naat ce 5:75 134 | 30.8 1.18] 5.9 | 10.62] 3.69 | 160 

_ { Sitag | 135 | 16.2 6.25] 4.48] 5.02] 2.28] 161 

eee ee ae 5§:125 | 130] 17.4 6.16] 10.11 | 9.77] 9.59 | 162 
Percentage of magne- 
sium in dolomite 

Cr: 
12.7 { ee aS eee 52 9-77 | 9-77 | 163 
ileal stan RASS Rees Ie | MGS te aceacleccnncemosmeneleaccerg 164 


























One of the most noticeable facts brought out in these series is the great 
sensitiveness of the plants to small quantities of calcium and magnesium, 
also their ability to utilize relatively insoluble forms of these two ma- 
terials. In pots 121 and 122, Table [X, and pots 147 and 148, Table X, 
the plants were grown in extracted sand receiving no calcium and mag- 
nesium and were able to obtain considerable quantities that had not been 
removed by the acid extractions. The alfalfa was even able to mature 
a few seeds. 
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TABLE IX.—Analysis of wheat grown in soil, dolomite, and magnesite—series G 


WHEAT STRAW 








| Substance added. | Composition of plants. 
| 























Pot No. Molecular 
Sali | Magne- aes } 3 ratio of 
Calcium. atin Calcium. Magnesium. calcium 
i‘ to mag- 
| nesium. 
~- —_ —_——$ — 4 ! 
| Mom. Per cent. Mam. | Per cent. 
WO ic Seman seexe es 0.014 | 0.016 | 24.65 0.165] 20.4 | 0.132] 5: 7 
$29 ONE 294. o5. 00205 0f “Se Ze 2.64 76.r | .358| 52.9 | -249] 5: 57 
125 NG 126..........5| 2807 | 1398) 2300 - 48 78.7 -29 §: -§ 
E26 ANE 140.0 6 ec600 0s «732 - 344 | 156.1 ~485 | 97-5 | +305 | §: 5.2 
EGE GHG £32..<.6055.5.) ee 2.0 88. 6 - 248 | 188.0 | +$27 | 5217-7 
136 ANd 336.....0:<0+.| +666) 200 66. 8 - 375 | 170.0 -955 | 5:21.2 
137 and 138...........] 20.47 | 12.7 | 15.6 -5741 19.9 | .73 $734.9 
WHEAT ROOTS 
| 
TOK ee eeeeee eres eee ees| -014 | .016 18. 7 . 287 8.14 | .125 5:3.6 
123 and 124...........| 5.78 | 2.64 85. 7 -795 | 35-6 aa 5:3-4 
125 and 126...........| 2.897 | 1.328] 76.5 - 584 | 44.3 «337 | 5:48 
FIG) GUNG B40% 6556 <0. 0 5 - 732 -344| 63.5 -513 | 30.7 -248 | 5:4 
Dae GE B99: sc. cscc esl Meee 2.0 129. 4 1.224 | 163.9 1.6 5:10.8 
$96 GHG 396... 60c6c.-) <6) 10 22. 25 -358 | 44-75 .72 5:16.8 














The high percentage of magnesium in the plants grown in pots receiv- 
ing 35 per cent of magnesite is also characteristic of tolerance. Like- 
wise a high magnesium content tends to accompany plant sickness. In 
the case of wheat grown in dolomite, pots 137 and 138, there was a 
higher percentage of calcium than in any other treatment. A ton of 
water-free material contained 11.48 pounds of calcium and 14.6 pounds 
of magnesium, but a ton of dry matter from the treatment with 25 per 
cent of magnesite showed 7.5 pounds of calcium and 19.1 pounds of 
magnesium per ton, as against the check in sand which contained 3.3 
pounds of calcium and 2.64 pounds of magnesium. Alfalfa tends to show 
the same thing, except that it is a decidedly heavier feeder upon these 
two elements than is the wheat crop. 

The wheat, Table VIII, was planted on January 26, 1914, and harvested 
on May 27, 1914, making 121 daysof growth. The alfalfa was also planted 
on the above date and the first crop harvested on May 27, 1914. The sec- 
ond crop was harvested 127 days later, on October 1, 1914, and the third 
crop on November 12, 1914, after 42 days of additional growth. 

By comparing pot 147, Table X, for the three crops, it will be seen 
that the second crop of alfalfa contained practically three times as much 
calcium and magnesium per ton as did the first crop, while the time of 
growth was about the same. The third crop contained about twice as 
much calcium and magnesium per ton as did the first crop, and its period 
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of growth was only 42 days. This is due chiefly to the extensive de- 
velopment of roots, making it possible to utilize more of the small quan- 
tities of calcium and magnesium remaining in the extracted sand, for in 
the other pots where these two elements were added such striking differ- 
ences do not occur in the different crops. 

To each pot receiving 15 alfalfa seeds, 0.19 mgm. of calcium and 0.32 
mgm. of magnesium were added in the seed, and for the three crops 
164.5 mgm. of calcium and 90.72 mgm. of magnesium were removed. 
This indicates to what extent the plants may attack relatively insoluble 
compounds. 


TABLE X.—Analysis of alfalfa grown in soil, dolomite, and magnesite—series H 


ALFALFA, FIRST CROP 















































Substance added. Composition of plants. 
Pot No | | Molecular 
NO. | . Tatlo 0} 
| Calcium. — Calcium. Magnesium. calchan 
, to mag- 
| | nesium, 
Mom. Per cent Mom. | Per cent. 
B49 GNA T4B.0..6..00055..| OTS o. O16 £12 o. 382 5.72 | ©. 198 So aoe 
TAGANGA TSO... aces csven| 6.98 2. 64 98. 41 FBOa-| GG) +378). See 
IST and 162...........| 2.897 | 3298 | 136.0 I. 432 33.92 | «357 ee 
ESEGRA TCG. cscs ccive.| 0938 | ogee | T2708 1.28 | 345 | .346} 5: 2.2 
REP GRU TER. 6 cece cciics] Baal 2.0 92. 5 2922 |) 34:5 -744! §: 68 
159 and 160.........<. .666 6.0 23.8 - 426 5a. 3 +9380 | §:18.3 
260'ONG 262.....55..%5.:| 666] 2000 76.7 I. 05 83.7 248.) -§: Qt 
PRs Kao Mae emre 20. 47 18..7 34.2 . 66 33.8 | $033) 5:5 
ALFALFA, SECOND CROP 
peta eee | se | ame ttre 
I ee eR | + O14 | . O16 105. 3 1. 096 63. 8 605 5:5 
149 and 150........... 578 | 264 | 157.5 1. 615 31.8 - 434 532.9 
151 and 152... | 2.897 | 1.328 | 172.0] 1.402 50.0 407 534.5 
155 and 156...........| 932 | «S04 | SEAS | toxge 5.0 | 57 ee ey 
TEV ORE TSO ei essc 5.55) Qe] BIO 4 103.4 | 1.098 67:6 | 788 535.4 
159 and 160...........) .666| 60 | 75.0] .785 76.5 | .803 5:8..5 
161 and 162...........| .666| 100 | 102.0|] 1.381 73,0 | ‘1:00 5:6 
RS intros ee er eye | 90:47 | 2:7 | 104. 4 | 1. 068 69. 4 711 8.5 
ALFALFA, THIRD CROP 
Bags fant eee aaa . O14 .016 | 480 | .854] 21.22] .378| 5:3.6 
TAPBGA TSO. 05:50:00] 5098 2.64 | 110.0 | -974| 31.6 <2GE|..) Rieck 
TSE ONE TS9. 6s csico | 27007.| T4998 | FIO | . 922 2.2 Sy ee eee 
155 and T52.eseseeeeee| + 732 -344| 78.75 -955 | 29. 62 aa i eee 
TET ONE TSS. oss oc os os of) ee 2.0 85.0 | +902] 40.7 . 461 | 5:4 
TSO GHG 160........5.;) 006] 6.6 40. 8 | +922 39. 8 7839] 85:7 
761 and 162...........| .666| 10:0 16 | G7 54-7 922 536.2 
| Poe wee eer ee re 20. 47 12.7 96. 5 | +99 49.90 503 | 5:4. 2 
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EFFECT OF MAGNESITE AND DOLOMITE UPON WHEAT AND SOYBEANS 
(SERIES I AND J) 


Series I had wheat grown in the pots and then turned under, and wheat 
was then replanted in the same pots; while series J had cowpeas grown 
and turned under and then soybeans planted, except in pots 182 and 183, 
from which the cowpeas were removed before the soybeans were planted. 
The cowpea hay grown in pots 182 and 183 contained 0.4 per cent of 
calcium and 0.179 per cent of magnesium, in a ratio of 5 to 5.7, and 
removed from each pot 32 mgm. of calcium and 14.32 mgm. of magnesi- 
um. In ro seeds planted there was 0.58 mgm. of calcium and 1.59 mgm. 
of magnesium. The above pots contained extracted sand. 

Figure 1 of Plate LX XXV shows the effect of succeeding crops when 
grown upon extracted sand. The pot at the left marked ‘“‘sand only” 
has had no other crop preceding it, while in the middle pot cowpeas 
were grown and removed, taking out some of the most readily available 
calcium and magnesium. From the pot at the right three crops of alfalfa 
were removed, taking out 164.5 mgm. of calcium and 90.72 mgm. of 
magnesium. 

Dolomite has no detrimental effect upon the crops used throughout 
these experiments. However, the addition of larger quantities of mag- 
nesite—for example, 35 per cent—caused considerable yellowing of the 
leaves, and the plants were able to mature but few seeds. Plate 
LXXXYV, figure 2, shows that the plants growing in dolomite have quite 
a number of bean pods, while in the magnesite pot none are visible and 
the uppermost leaves are sickly. This yellowing of the uppermost leaves 
while the lower ones remain green differs from true translocation and 
accompanies high magnesium applications. The yellow leaves have a 
higher magnesium content than do the healthy ones, as sickly leaves 
from the plants taken from pot 185 show 0.955 per cent of calcium and 
I.11 per cent of magnesium, while the healthy leaves from the same 
plants showed 0.896 per cent of calcium and 0.88 per cent of magnesium, 
respectively. 

Schulze and Godet (31) found more calcium in the husk and more 
magnesium in the seed of lupine, pine, pumpkin, castor bean, sunflower, 
and various nuts. 

Plate LXNXXVI, figure 1, shows the comparative growths of soybeans 
in brown silt loam and dolomite. Evidently the brown silt loam would 
have been improved by applications of some limestone or dolomite. 

The differences of yields of duplicates in Table XI are due chiefly to the 
differences in the duration of growth. In the wheat, series I, pots 173, 
175, 177, and 179 were harvested 65 days after planting, while their 
duplicates were harvested 12 days earlier. In the soybean, series J, pots 
181, 184, 186, and 188 were harvested 53 days after planting, while their 
duplicates were permitted to mature, standing until 80 days after 
planting. 
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TABLE XI.— Yields of wheat and soybeans (in grams per pot on the water-free basis) in 
dolomite, magnesite, and sand—series I and J 
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Table XII shows the analyses of wheat grown in series I. 


TABLE XII.—Analysis of straw of wheat grown in dolomite, magnesite, and sand— 




















series I 
Substance added. Composition of plants. 
Pot No. yt 
. Magne- we : | ratioo 
Calcium. san. | Calcium. Magnesium. ; calcium 
a | | | to mag- 
| | | nesium. 
| | 
Per cent. | Per cent.| Magm. | Per cent. Mgm. Per cent. | 
174. coscccccscceceseee] O.014 | 0.016} 1.32] 044 | 0.38 | 0.127] 5: 2.4 
PF Aias ccasncsonanacacal Ome -016 | r.2t |. 135 HO | 394. |) Goes 
170. sess seeeeeeeeeeees] 4644 | 2.0 | 190.88 | .68 13-04 | .815] 5: 9.9 
[MECC ee ee 2.0 | 21 36) .445 | 36.78 | .783 | 5§:14.6 
Se ME eee .666 | 10.0 | 8.87 -493 | 18.03} 1.002 | 5:16.9 
Cb Te Mn corte, 16. 16 -305 | 40.54} .765 | 5:2 
RODS sciovas-ceScwevinnsc meoey 1 bane 10. 26 54 11. 38 | 50O| 52 O29 
Ce eee oe 12.7 | 24. II «455 | 22.25 | . 418 | 5: 9.6 








Comparisons of the contents of plants at different stages of growth are 


reported in Table XIX. 


THE EFFECT OF MAXIMUM QUANTITY OF CALCIUM AND MAGNESIUM UPON 
WHEAT AND SOYBEANS IN SAND (SERIES kK) 


Analysis of sand treated by different methods shows the hot-extracted 
sand to contain only slightly less calcium but considerably less magne- 
sium than the cold-extracted sand. 

Table XIX shows the analysis of wheat and soybeans grown in such 
sands. It can be seen that the soybeans contained only slightly more of 
these two elements than was in the seed, but it must be remembered that 
scarcely any growth occurred. However, the wheat, pots 193 to 196, 
contained from 12 to 22 times as much calcium and 4 times as much 
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magnesium as was added in the seed. Now, in pots 199 to 202, where 
a small amount of easily available calcium had been applied, the per- 
centage in the plants was materially increased. 

Attempts were made to grow wheat and cowpeas in paraffin, so that 
they would have no access to calcium and magnesium. However, this 
permitted but little growth, and analyses of the total plants thus grown 
showed their calcium and magnesium contents to be equivalent to the 
amount present in the seed. 


TABLE XIII.—Analysis of wheat and soybeans grown in extracted sand—series K 
SOYBEAN PLANT 





Substance 
added in 
seed. 


Composition of plants. 





Pot No. Treatment of sand. 


Molecular 
ratio of 
calcium 

to magne- 

sium. 


Cal- 


cium. 


Magne- 


Magnesium. : 
—— sium. 


Calcium. 








189 and 1904 


Ig1 and 192 


Extracted with hy- 
drochloric acid 
in the cold. 

Extracted with hy- 
drochloric acid 
on steam bath. 





Mom | Per ct. 
2.15 | 0. 293 


1.5 | » 335 


Mom. | Per ct. 
2.77 |0. 376 


| 
1. 65 | . 369 


:10. 6 


9.2 


Mom. 
1.16 


1. 16 


Mgm. 
2. 32 


2. 32 





WHEAT PLANT 





193 and 194 
195 and 196 
197 and 198 


199 and 200 


201 and 202 





Extracted with hy- 
drochloric acid 
in the cold. 

Extracted with hy- 
drochloric acid 
on steam bath. 


| 
| 


| 
| 
| 


| 


0.2 gm. sodium bi- | 


carbonate 
HCO,). 

0.2 gm. sodium bi- 
carbonate (Na- 
HCO;) 0.05 gm. 
calcium nitrate 
(Ca(NOs,)2). 

0.2 gm. sodium bi- 
carbonate (Na- 
HCO,) 0.05 gm. 
calcium nitrate 
(Ca(NO3).) 0.0317 
gm. magnesium 
sulphate (MgSO,) 


(Na 





. 67 


- 36 


. 80 


SIZE «3 


247 





~ 
oo 
is) 

wn 
Oo 


+ 337 


. 144 


- 093 


. 48 


Go 
wn 











| 


797 





. 03 


03 


+ 03 





. 18 


.18 


.18 


. 18 


.18 





@ The containers in this series were tall Jena beakers holding 1,350 gm. of sand. 


From Table XIII it can be seen that the plants contained more calcium 
and magnesium than was added in the seed, thus showing their power 
to obtain these two elements from sand that had been previously extracted 


with acid. 
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EFFECT OF MAGNESIUM AND CALCIUM IN SULPHATES, CHLORIDS, AND 
CARBONATES UPON WHEAT AND SOYBEANS IN SAND (SERIES lL, AND M) 


When calcium and magnesium were applied in sulphates, chlorids, 
and carbonates the smaller applications gave the highest yields. As 
recorded in Table XIV, 0.1 per cent of magnesium in the carbonate 
inhibited germination and permitted no growth, whereas this quantity 
in the sulphates and chlorids gave considerable growth; however, the 
chlorids were more detrimental than the sulphates, while at lower concen- 
trations, such as 0.01 and 0.001 per cent of magnesium, the carbonates 
gave the best growth, the chlorids being the most detrimental. In the 
case of soybeans all the chlorid treatments permitted practically no seed 
formation, while treatment with smaller quantities of carbonates gave 
considerable seed. The root formation was relatively the same as the 
top growth, the detrimental effect accompanied short thick roots which 
appeared brownish or reddish brown. Plate LXXXVII shows this 
comparative root growth. Plate LXXXVIII, figure 1, shows the 
comparisons of wheat when grown in extracted sand and in dolomite. 
Figure 2 shows the retarded growth of wheat due to the chlorids of 
magnesium. 


TABLE XIV.— Yields of wheat and soybeans (in grams per pot on the water-free basis) in 
the sulphates, chlorids, and carbonates of magnesium and calcium—series L and M 





Molecu- Wheat, series L. Soybeans, series M. 








| lar ratio 
| of cal- | | | 
Treatment. j cium | | 
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Percentage of magnesium in magne- | | 
sium sulphate plus calcium sul- | 
phate: 
f 5:4} 203 | 2.4] 2.4] aar 32 | aeeeers 
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sium chlorid plus calcium chlorid: 
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ee ee h cca) sel wel oO) Okt SB hn... 














July 17, 19:6 Influence of Calcium and Magnesium on Plant Growth 609 


In Table XIV pots 205, 208, 210, 212, 213, 216, 218, and 220 were har- 
vested 53 days after planting. Their duplicates were permitted to grow 
12 days longer. Pots 221, 223, 226, 227, 229, 232, 235, and 237 were 
harvested at maturity, 80 days from the time of planting. Duplicates 
were grown only 53 days. The analysesare given in Tables XV and XVI. 
TABLE XV.—Analysis of straw of wheat grown with sulphates, chlorids, and carbonates 

of calcium and magnesium—sertes L 


SULPHATES 












































| Substance added. | Composition of plants. | Molecular 
| ratio off 
Pot No. . =) calcium 
| Calcium. Magne Calcium. Magnesium. to magne- 
| — sium. 
Mom. Per cent. Mgm Per cent 
eT ee eee ee 0.222] Of 18. 48 0.77 15.45 | 0.644] 5: 6.9 
Bien cecce necween ees . 022 . OL 26. 6 -70| 38.86 -97 5:11. § 
GON iV auptescaeces + 002 . OOI 15.2 + 40 5- 73 - 151 2.9.3 
CHLORIDS 
BIOs. Sarecneenes ous +249 aD 22.5 x6 22.97 788) 5: &g 
BI tsc  baenvecns ee . 022 . Or 12. 67 - 362 9. 66 -276| 5: 6.8 
Cs Ge ee oe eee - 002 - OOI 22. 36 +43 9. O5 -174| 5: 3-3 
CARBONATES 
GUO iavccnbenes seas | .022 -Or | 9.24 . 28 20. 33 -616} 5:18.3 
Ct, eee re Te | . 002 -OOL | 17.28 - 432 15. 68 - 392 §3 7.4 
eee Ce) RT CEE | CLIN Poe | 5:31 - 253 2.55 | .8a3 5: 4 





The plants used in the experiments in Table XV were harvested when 
53 days old. 


TABLE XVI.—Analysis of soybean hay grown with sulphates, chlorids, and carbonates of 
calcium and magnesium—series M 


SULPHATES 
































| Substance added. | Composition of plants. Molecular 
siamo ratio of 
Pot No. on | . calcium 
Calcium. | ° pracy | Calcium. Magnesium. to mag- 
oo nesium. 
aa Mom. | Percent.| Mam. | Per cent. 
SE EE CTE TET |} 0222] O71 30.94 | 1.19 31.46] 1.21 5:8. 4 
ON iio uanan kere | .022 - OL 41. 89 -885 | 31. 45 . 642 5:6. 2 
Se ekosccbenanmarewt - 002 -OO1 | 21.24] .59 12. 24 - 34 54.8 
CHLORIDS 
GRR ecscisiecarsness <2aa o% 15-39 « 933 13. 96 - 665 5:75 
Oo SMe RT Re RCT . 022 . Or 25. 11 - 93 19. 54 - 724 5:6.4 
BR ices emewtees . 002 -0o1 | 13.89 - 386 | 10.26 . 285 5:6. 1 
CARBONATES 
ies. So eevee cvteees . 022 . OL 27. 26 -94 23-92 . 825 577-3 
MM a dint aise ms amas - 002 - OOT 72.13 1.145 | 38.36 - 609 54.4 
CC Ee ean coer er) err cere 7.15 o §5 4. 04 an3 54-7 
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EFFECT OF MAGNESIUM AND CALCIUM IN CALCAREOUS SOIL, DOLOMITE, 
AND MAGNESITE, AFTER ALFALFA, UPON SOYBEANS (SERIES N) 


The soybeans in series N were grown after three crops of alfalfa had 
been removed and the roots turned under. Pots 239 and 240 showed 
but a small amount of growth. Pots 251, 252, and 253 showed consider- 
able organic growth, but the plants were sickly and did not yield much 
seed. The yields are reported in Table XVII. Analyses of the plants, 
Table XVIII, show treatments with the largest quantities of magne- 
sium in magnesite, giving the plants with the greatest magnesium con- 
tent and containing as much as 29.92 pounds of magnesium per ton. 
Also proportionately the highest amount of calcium and magnesium 
were found in these pots. The check pots, 239 and 240, showed the 
lowest percentage of calcium and magnesium in the plants grown. 


TABLE XVII.— Yields of soybeans (in grams per pot on the water-free basis) grown after 








vfalfrin soil, magnestie, and sand—series N 
! \foleca] i . , 
| Molecular Soybeans, scries N. 
{ ratsog | 
Treatment. | caleium | ———— —_———— 
pee aien.: Pot No. | Tops. Roots. Seeds. 


nesium, 














| 
, eee 239 8 URE eee ae 
RN rs a! day lene hailed bend a evens mee RRS ae 240 | 3 ns Carey 
Percentage of magnesium in calcareous | | | | 
soil: | | | 
bigs if Seas 241 5.6 0.0 |.....0.. 
- ee \\ Bea: 8 242 7. 3 ee | 2. 51 
Ie Ga Sar oatt tts enln ea hare aie I. 5°3-8 243 pe sik cil inate 
: It Sia. 244 Wee Pevicwsxs 2.3 
ies | S356 245 | Ore ween. 4-59 
PR sich diets dvaiess trae ete OU math Awe | 533.8 246 6. yA Ties 
on if 55300 247 A i eae | 6.95 
v egtates ears Pie a icone oT 533-9 248 6.5 BAB Tecc tes 
Percentage of magnesium in magnesite 
plus calcium carbonate: | 
ial lf 5:4 249 6. 6 Je ceeveee 1.84 
fF Pee PCSST eee eTevee tS £ a ay Se ew | \\ 5:4 250 6.6 | Sy eee 
| e°I12¢ 252 ” 
PD Osh nhs wir saa dueling Komieuche olsimesies { se yi 2 5 7 |ereeeees 
, ; : : | 5:125 253 Oe Goce Gor 
Percentage of magnesium in magnesite: | 
SF eee Seer eee eT re eye 5:75 251 4.0 eG feces ere 
Percentage of magnesium in dolomite 
3: 
RBs, 5) saoncs wien haibaigilantecsimbwie’s SG:3/008 | Cea 254 3.8 pO 














Pots 240, 242, 244, 245, 247, 249, and 253 were harvested at maturity, 
or 80 days after planting. 

The plants used in the experiments in Table XVIII were 53 days old. 

Table XIX shows the differences in composition of wheat grown under 
the same treatment but harvested at different periods of growth. The 
first plants were harvested 53 days after being planted. It was the 
original plan to allow the duplicates to mature, but owing to attacks of 
mildew they were harvested 12 days later. 
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TasLe XVIII.—Analysis of soybeans grown after alfalfa in soil, magnesite, and sand— 
series | 





| Molecular 


Substance added. | 
| | ratio of 


Composition of plants. 














Pot No. | l r } calcium 
| Calcium. |Magnesium Calcium. | Magnesium. | pet 
| | SF 
Per cent. | Per cent. Mgm. | Per cent. | Mgm. Per ceni. 
PA es caaccueeeetas |} 0.014! 0.016 7-02 | 0.54 | 4. 6 03541 5: 5.4 
CS EE CCC RET) Me, oy 2. 64 109.76 | 1.96 41.5 | «740 | 5: 3.1 
PAV e cuwen ccs ca wcesae | 2.8097 1.328 | 131.0 | 1.82 Ay  «.eaa | Ss a 
CE Oe ee | 1. 455 672 | ey 1.43.| 47.88] .785| 5: 4.4 
BE etiacdcocehesades « $39 -344| 76.62 4.225 saat 83345) $i 5 
BN aio iiee s Pe onnie | gas 2.0 82.83 | 1.225] 76.54] 1.19 | 5: 7-9 
Sobawes cecsrtcences | 666] 6.0 29. o4 | 726 39. 40 | 985 | §:11.3 
MIG waccnsee bet are ed .666 |} 10.0 | 32. 83 | . 864 56. 85 1. 496 5:14. 4 
AA ee ee eee | 20. 47 a 46.96 | 1.236 43.92 835 5: 5.6 





| 
} 
| 





The percentages of calcium and magnesium were greater in the plants 
harvested in the earlier stages of growth. In the wheat the proportion 
of magnesium to calcium was somewhat greater in the later stages of 
growth. Still it must be remembered that the plants were by no means 
thoroughly matured. This was not the case with the soybeans, as is 
shown by Table XX. Soybean plants at maturity, or 80 days after 
planting, showed higher percentages of calcium and magnesium than at 
the end of 53 days of growth, except the checks in sand and those having 





had extremely small applications. 


TABLE XIX.—Com position of wheai at different stages of growth 
t LU be as 




















Wheat 53 days old. Wheat 65 days old. 
| | Molecular | | Molecular 
Treatment. Rn eee | yfase | tatio of dit = ratio of 
Pot ~~ Calcium. | nesium. | pcan | Calcium. ‘aca. —— 
| nesium. | | | nesium., 
= 7 j | 
RNOVD NG. cielaraidutiaciheerete J 173, | 0.44 0.127 | 5: 2.4] 0135| 014 go 9.3 
Percentage of magne- | | 
sium in dolomite C3: | | | 
2) | 179 - 54 -509 | 5: 9.2 -455| 418] 5: 7.6 
Percentage of magne- . 
sium in magnesite: 
WO cicas eee s cece 177 -493 | 1.002 | 5:16.9 + 305 765 | 5:21 
One ee 75 68 815 | 5: 9.9 - 445 783 | 5:14.6 
Percentage of magne- 
sium in magnesium | | 
sulphate: \ 
OER as es rikGucnaes 203 «99 -644 | 5: 6.9 . 61 54 Se M3 
GR daca ers and aaa 205 -70 -O7 | $531.5 - 40 -646 | 5:13.4 
CO isk ce tess 207 - 40 268 | §: 33 -255 16 | 5: St 
Percentage of magne- 
sium in magnesium | 
chlorid: 
fd vote eR OCC 269 | 3.5 986) 53 4:3 - 984 | -604; §: 5 
| er ee Cre 211 . 362 .276] 5: 6.8 730 | «3% 5: 8.6 
Ee racceices 213 - 43 37H} $2 3.3 +245 163] §: SS 
Percentage of magne- 7 | 
sium in magnesium | 
carbonate: | 
ON soccer ewes 215 . 28 - 616 | 5:18.3 | . 405 «587 | §:18 
MM cio cutrewtass- 217 - 432 +392] 5: 7-5! +455} +316) 5:5 8 
PROB en iitcuacena Cae’ 219 - 253 -123| 5:4 | «35 | - 16 5: 8.8 
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Seissl (32) experimented with a large number of plants in various 
stages of growth and found a slight fluctuation in the ratio of calcium 
to magnesium in the ash analyzed in the different years. In nearly 
every instance there was a progressive increase in the ratio of the lime 
to the magnesia content towards autumn. In only two cases was the 
lime content greater than that of the magnesia. 


TaBLeE XX.—Composition of soybeans at different periods of growth 



































| Soybeans 53 days old. Soybeans 8o days old. 
| 
| 
Treatment. \Pot No. — —— 
. Mag- ‘ P So tnt Mag- : 
Cotsen | cca 5 Sema | OY ce, | See 
| nesium, nesium, 
| 
Per cent. | Per cent. Per cent. | Per cent. 
ee ee --| 18x] 0.344) 0.449 | 5:10.8] 0.29 o:28 [gts 
Percentage of magnesi- | 
um in dolomite C3: 
BOS cc wicauxae san -+| 187] 1.546 | OG |S: Soa | aK07 1.3 5: 5.2 
Percentage of magnesi- | 
um in magnesite: 
Pca sieitssansenaws 185 . 96 1.032 | 5: 9 75 1.138 | 5312.6 
Bora Aiak oe Seas se| 163 |. 2.357 89815: 52) £235 815] 5: 5-9 
Percentage of magnesi- 
um in magnesium sul- 
phate: | 
Ss We ns rrr 99% | 2,10 Aes ae (te ae mM eb 4.08 | §iir.2 
BOE in sins Wie rsh ole aa 223 . 855 642 | 5: 62) arg} 132 | §: 9 
eT se] 225 - 59 <4 5: eS -356] 5: 4.8 
Percentage of magnesi- 
um in magnesium 
chlorid: 
Pit ioreescan cae ee 227 998 065 | 5: 251 255 1.33 | 5: 43 
Ee ss Scarce ru 229 - 93 724] 5: 6.4 - 65 -495 | 5: 6.3 
Serre ee | 231 . 386 e365] 52 0.2 “a «255 | St 2-0 
Percentage of magnesi- 
um in magnesium car- 
bonate: 
BME s.cs cesses tas | 233 . 94 SRG [SE FS tea iQ. ) §: Sy 
o) nC i |} 235 I. 145 - 609 | §: 4.4 zt. 57 «360: | 5: 2.2% 
PRRGc5 545 pan okies | 237 55 Sir 15: 427 - 36 0 184 1 5: 4 
Percentage of magnesi- 
um in calcareous soil: 
CY ar ee 241 | 1.96 tS Bt Se 07 |S) 2:99 
NS ee ry 243 1. 82 ar Sa tee Bes 1.26 | 5: 2.87 
DR cicnnscuan | 245] 1.48 OR} See) ac7 1660} §:- 3.3 
795 
Me iratin 5 are,w'ee oe | 247 | 1.225 was | 53 5.2 | a 22 Pe a A, 
oo OE Ee | 239 54 354 | 5: 5-4 oi7 «22S | 5: Qe 
Percentage of magnesi- | 
um in magnesite: | 
ree ore 249) 1.255 | 1.19 2 RO} BSS 2.56 |} $: 3 
Re ee 252 864 | 1.496] 5:14.4] 1.145 | 2.166 | 5:15.75 
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TABLE XXI.—Tolerance of crops for calcium and magnesium 
































| 
Wheat. Alfalfa. 
aro oe | ; 
ratio o! | 
rrestment. | ctu | Piet Mots 
to mag- a ag- ate | . ag- ate 
nisium. Calcium. | nesium. ae | Calcium | nesium. a 
| | nesium, | nesium., 
NOMS iv uclviateale coeds 5:9. 5 | 0.187 | 0.108] 5: 5.1 | 0347| 0164] 5§:3.9 
Percentage of magne- | 
sium in dolomite 
er: 
O.Zecscccccccvese 5:4.8 298; .271 | 5: 7.6] 2.565 - 431 5:1.4 
NO scx wee enen cas 5:4.8 . 386 <4ab i 5: oz] 2609 -649} 5§:2 
Percentage of magne- 
sium in brown-gray 
silt loam: 
CANO cde hoes 5:9. 6 . 296 236) 5: 7.2) x 59s] .308 5:2.2 
Percentage of magne- | 
sium in dolomite | 
ge ! j 
3: 
1, CR a 5:§.2 -574| -730| 5:12.6] 1.068] 711] 5:5.5 
Percentage of magne- 
sium in magnesite: | 
(Mee ey ere 52125 375 -955 | 5:21 I. 381 | 1.00 | 5:6 
| 
| ! 











The yields in the pots in Table XXI were practically the same on the 
different treatments. This shows the alfalfa to contain more calcium 
and magnesium than the wheat. Some of the other treatments show 
higher percentages of calcium and magnesium, but the yields are not com- 
parable. It might be interesting to note that soybean hay at maturity 
contained per ton as much as 73 pounds of calcium and 25.2 pounds of 
magnesium when grown in a mixture of equal parts of sand and calcareous 
soil, but when grown in a mixture containing 40 per cent of magnesite 
there were 22.9 pounds of calcium and 43.3 pounds of magnesium per ton. 


DISCUSSION 


The experiments reported here extend over a period of three years 
(1912 to 1915) and include approximately 300 pot cultures and upwards 
of 300 duplicate determinations of calcium and magnesium. 

Difficulty was experienced in finding a medium that was free from 
calcium and magnesium, and which would still approach soil conditions. 
Attempts were made to grow plants in aluminum turnings but without 
success, probably due to the formation of some aluminum salts when the 
plant foods were added. It is well known that aluminum salts disturb 
the physiological functioning of plant organs. 

Wheat and cowpeas grown in granular paraffin without the addition 
of calcium and magnesium showed in the total plant only an amount 
equal to that furnished by the seed. 
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The difference in the medium in which the plants were grown caused 
different effects upon the plants. Brown silt loam was a better medium 
than sand when treated with chemically pure magnesium carbonate, even 
though it already contained 25 times as much calcium and magnesium 
as did the sand. Still sand would have an ameliorating effect when com- 
pared with solution cultures. Jensen (10) found that in quartz sand a 
much higher concentration of salts was required to cause death than in 
water cultures. 

As previously shown under literature studies it is quite generally 
believed that plants have to some extent a selective absorption. The 
results here seem to indicate such a condition, for the dolomites used 
tend to go into solution in a molecular ratio, but the plants failed to take 
them upin this ratio. The tendency of the plants under these conditions 
was to take up relatively larger molecular proportions of magnesium than 
of calcium. Analysis of the plants show that they do not necessarily 
take up calcium and magnesium in the same ratio as applied, as, for 
example, in dolomite C3 the ratio of calcium to magnesium is 5:5.2, 
while the plants may and do take it up in a ratio of 5:7 or 5:3.95. 

In the case of the addition of 25 per cent of magnesite the ratio of cal- 
cium to magnesium was 5:125, while in some of the plants grown in such 
treatment the ratio varied from 5:15 to 5:21. Wheat grown in soil 
treated with 6 per cent of dolomite showed in the tops a ratio of 5:9.1 
and in the roots a ratio of 5:4.35, or for the whole plant a ratio of 5:6.3, 
while in dolomite C1 it was 5:4.8. Alfalfa grown in the same treatment 
showed for the entire plant a ratio of 5:4.2, but when grown in soil 
treated with dolomite C3 the ratio for the total alfalfa plant was 5: 
3.95, while in the dolomite the ratio of the calcium to the magnesium 
was 5: 5.2. 

The chlorids of calcium and magnesium were more detrimental to 
wheat and soybeans than were the sulphates at concentrations up to 
0.1 per cent of magnesium. This amount of magnesium in the prepared 
carbonate entirely inhibited growth, whereas lower concentration gave 
better growth than either the sulphates or chlorids. 

Wheat 65 days old showed smaller percentages of calcium and mag- 
nesium than did similarly treated wheat at 53 days of growth, but the 
total amount of these two elements in the plants increased with the 
duration of growth. 

Soybeans at maturity, or 80 days after planting, showed for the hay 
higher calcium and magnesium contents than at 53 days of growth, 
except in the case of the checks and those treated with extremely small 
quantities. Some of the samples showed as much as 73 pounds of cal- 
cium and 25.2 pounds of magnesium per ton when grown in a mixture 
of one-half sand and one-half calcareous soil, but when grown in soil 
containing 35 per cent of magnesite there were 22.9 pounds of calcium 
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and 42.3 pounds of magnesium per ton; whereas the checks contained 
5.8 pounds of calcium and 5.6 pounds of magnesium. 

Whenever excessive amounts of magnesium were applied, there was 
a characteristic appearance of yellow leaves. The uppermost leaves be- 
came yellow and gradually died, while the lower leaves remained green. 
This condition is characteristic of magnesium sickness and just the re- 
verse of the effects produced by translocation processes. 

The general tendency is for the percentages of calcium and magne- 
sium in the plants to increase with the increase in size of application. 
Likewise a high magnesium content in the plant tends to accompany 
plant sickness, as sickly and healthy leaves from the same soybean 
plant showed, respectively, 1.11 per cent of magnesium as against 
0.88 per cent magnesium. 

All varieties of the seed used contained more magnesium than cal- 
cium, while ordinarily the remainder of the plant contained more cal- 
cium than magnesium. This conforms with the data of Schulze and 
Godet, who report more calcium in the husk and more magnesium in 
the seed. 

Nitrogen was applied to the legumes as well as to the cereals, so as 
to be sure that this was not the limiting factor. 

In a number of instances the differences in the yields between dupli- 
cates were as great as between the different treatments. At several 
periods during the growth of the plants parasites ‘caused injuries, some- 
times great enough to necessitate harvesting the crop. 


CONCLUSIONS 


(1) Wheat, soybeans, alfalfa, and cowpeas grew normally either in 
96 per cent of dolomite and 4 per cent sand, 100 per cent of magnesian 
limestone, or in sand containing 7 per cent of magnesite. 

(2) Dolomite up to 40 per cent proved beneficial to plant growth. 
These results indicate that dolomite and magnesian limestone will not 
be detrimental as applied in agricultural practices. 

(3) Applications of prepared magnesium carbonate up to 0.7 per cent 
caused no injury in brown silt loam, but 0.35 per cent prevented the 
growth of all plants tested in sand. 

(4) The crop yields and the ratio of calcium to magnesium in the 
plants bear no direct relation to the ratio in the natural carbonates 
applied. 

(5) Different ratios of calcium to magnesium within rather wide 
limits produced no marked differences in yields. 

(6) Increasing the size of applications increased the calcium and 
magnesium content of plants. 

(7) A tolerance of calcium and magnesium occurred in all varieties 
of plants grown. With approximately identical yields, wheat straw 
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grown in sand, brown silt loam, dolomite, and soil containing 35 per 
cent of magnesite showed calcium contents varying between 0.165 per 
cent and 0.547 per cent and magnesium contents varying between 0.132 
per cent and 0.955 per cent. 

(8) Acid extractions failed to remove all the calcium and magnesium 
from the sand. There remained after the various extractions from 768 
to 852 mgm. of calcium and from 540 to 960 mgm. of magnesium per 
6,000 gm. of sand. 

(9) The plants possessed a decided ability to obtain calcium and mag- 
nesium from sand extracted with strong hydrochloric acid, as borne 
out by the following example: Three crops of alfalfa removed from acid 
extracted sand 164.43 mgm. more calcium and 90.4 mgm. more magne- 
sium than was contained in seeds similar to those planted. 
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PLATE LXXXIV 


Fig. 1.—Growth of wheat in sand containing varying quantities of calcium and 
magnesium. The small growth of wheat in the pot marked “6% magnesium”’ is 
due to a detrimental physical effect. 


Fig. 2.—Growth of alfalfa in sand containing varying amounts of calcium and 
magnesium. 
(620) 
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PLATE LXXXV 


Fig. 1.—Growth of soybeans following a crop which had already absorbed most of 
the readily available calcium‘and magnesium. 

Fig. 2.—Growth of soybeans in soil treated with magnesium. Note the sickly 
appearance of the top leaves in the right-hand pot, which is characteristic of treatment 
with large quantities of magnesium. 








PLATE LXXXVI 


lig. 1.—Comparative growth of soybeans in brown silt loam and dolomite, showing 
that the loam would have been improved by the addition of some limestone or 
dolomite. 

Fig. 2.—Soybeans in sand treated with magnesium, showing that their growth 
increases inversely with the quantity of magnesium applied as sulphate. 
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PLATE LXXXVII 


Comparative root production of wheat grown in the chlorids, sulphates, and car- 


bonates of magnesium and calcium. Root growth is inversely proportional to the 
amount of salt applied. 








PLATE LXXXVIII 


Fig. 1.—Comparative growth of wheat in sand and in dolomite. The dolomite con- 
tained 96 per cent of carbonates of calcium and magnesium and 4 per cent of insoluble 
silica residues. 

Fig. 2.—Comparative growth of wheat in magnesium chlorid and magnesium 
sulphate. 
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LARVAL CHARACTERS AND DISTRIBUTION OF TWO 
SPECIES OF DIATRAEA 


' By T. E. Hotitoway,! 
Entomological Assistant, Southern Field Crop Insect Swceetigniinan, 
Bureau of Entomology 


In May, 1911, Dyar? published an article differentiating the American 
species of Diatraea. The species D. saccharalis, commonly known as 
the sugar-cane moth borer and also as the larger corn stalk borer, which 
had been recorded in the literature as infesting corn and sugar cane 
throughout the Southern States, was divided into D. saccharalis cram- 
bidoides Fabricius and D. zeacolella Dyar. This paper came as a sur- 
prise to entomologists; and while in it Dyar scarcely mentions food plants 
it was assumed that D. zeacolella was supposed to infest corn (Zea mays) 
and not sugar cane (Saccharum officinarum), while D. saccharalis cram- 
bidoides was supposed to breed in sugar cane. The foundation for this 
belief, aside from the use of the term “‘zeacolella”’ for one of the forms, 
is evidently a statement made by Dyar before the Entomological Society 
of Washington in 1911,° which is noted in the Proceedings as follows: 

Dr. Dyar spoke of the troublesome genus Diatraea and announced his success in 
separating as two distinct species the forms feeding on corn and sugar cane in the 
United States in characters of both the larve and the adults. 

After the publication of Dyar’s article, series of specimens were 
reared from corn and sugar cane at the laboratory of Sugar-Cane Insect 
Investigations at Audubon Park, New Orleans, La., and these were 
found by Mr. U. C. Loftin to interbreed. Specimens from both sugar 
cane and corn were determined by Dr. Dyar as D. saccharalis cramhi- 
doides. 

Within the last two or three years, :n the field investigations of sugar- 
cane insects, D. saccharalis crambidoides has been found to be lim- 
ited to the southern half of Louisiana, including the southwestern 
corner of Mississippi around Woodville, to the southern half of Florida, 
and to the lower Rio Grande Valley in Texas. There was no doubt, 
however, about the correctness of the records of species of Diatraea from 
Virginia and the Carolinas, and the writer was at a loss to explain the 
divergence between his records and the s statements in economic literature 








1 The writer gratefully acknowledges the assistance of Mr. August Busck and Rev. J. J. De Gryse, who 
very kindly criticized the drawings and descriptions and helped in many ways. 
2Dyar, H. G. The American species of Diatraea Guilding (Lepid., Pyralide). Jn Ent. News, v. 22, 
no. s, p. 199-206. IgrII. 
° Proc. Ent. Soc. Wash., v. 13, no. 2, p. 87. 1911. 
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that D. saccharalis occurs throughout the Southern States. Referring 
to Dyar’s paper, he noticed that the range of D. saccharalis crambidotdes 
is given as “Mexico, numerous localities, Gulf States, and lower Mis- 
sissippi Valley,” a range which roughly covers the limits which in num- 
erous field trips have since been defined more exactly. Dyar records D. 
zeacolella only from points in North Carolina, South Carolina, and 
Virginia. 

‘To compare larve from these sections with the more southern species, 
the writer obtained specimens from various members of the staff of the 
Bureau of Entomology from the following places: Columbia and Ben- 
nettsville, S. C., and Waynesboro, Ga. (E. R. Barber); Batesburg, S. C. 
(E. A. McGregor); Thomasville, Ga. (G. D. Smith). All these larve 
were from corn. A casual examination was: sufficient to show that 
they differed from D. saccharalis crambidoides. The most apparent dif- 
ference is that the larve (summer form) from the places mentioned 
above have a clean-cut black-and-white appearance, while larve of D. 
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Fic. 1.—a, Average angle formed by imaginary lines through bases of setze of Dialraea saccharalis crambi- 


dvides; b, average angle formed by imaginary lines through bases of setae of D. zeacolella. Dots indicate 

bases of seta. 
saccharalis crambidoides (summer form), because of the lighter color of 
the tubercles, are of a more neutral color, which may be described as a 
kind of dirty white. That the strikingly marked larve were D. zeacolella 
was proved by an inflated specimen of the same species in the National 
Museum, which had been classified by Dr. Dyar as D. zeacolella. It was 
labeled, ‘‘On corn, Peacocks Store, N. C.’’ 

When the larv were shown to Mr. W. Dwight Pierce, of the Bureau 
of Entomology, he immediately observed a difference in the pattern of 
the dorsal tubercles (i and ii), the four tubercles of a segment of D. zea- 
colella roughly forming a trapezoid and those of D. saccharalis crambi- 
doides forming a more rectangular figure. At the suggestion of Dr. W. 
D. Hunter, in Charge of Southern Field Crop Insect Investigations, and 
with the aid of Mr. August Busck, of the Bureau of Entomology, and 
Rev. J. J. De Gryse, at that time stationed at the Eastern Laboratory of 
Forest Insect Investigations, the writer proceeded to study the larve of 
the two species for further differences. While the pattern of the dorsal 
tubercles is valuable, their color fades in the winter, and it is then rather 
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difficult to determine the exact extent of the tubercles. The writer 
found that the positions of sete i and ii correspond with the tubercles 
of the same numbers and that imaginary lines through the bases of the 
two setz on each side form different angles in the two species. By the 
use of a camera lucida the relative positions of the bases of sete i and ii 
on segments 3, 4, and 5 of 19 specimens of D. saccharalis crambidoides 
and of seven specimens of D. zeacolella were determined, lines were drawn 
through the points representing the bases of the sete, and the resulting 
angles were measured. It was found that the average angle for D. sac- 
charalis was 30.2°, while for D. zeacolella it was 53.3°. The size of these 
angles and the position of the lines through the bases of the sete are 
graphically indicated in figure 1. 

In different specimens the angles were found to vary from 41° to 69.5° 
in D. zeacolella, and from 18° to 41.5° in D. saccharalis crambidoides. 
Angles of the minimum and maximum numbers of degrees are exceptional. 

The differences in the larval characters are noted in the following 
comparison : 


Diatraea saccharalis crambidoides Fabricius. Piatraca zeacolella Dyar. 


Tubercles dark brown, contrasting 
sharply with ground color of body 
(summer form). 

Head yellow. 


Tubercies light brown or paler (summer 
form). 


Head brown, but may occasionally be 
yellow in winter form. 


Spiracles dark brown. Spiracles black. 


Abdominal tubercles i hardly twice as 
large as abdominal tubercles ii, more 
nearly equal. 

Abdominal tubercles ii oval, and about 
twice as far apart as abdominal tuber- 
cles i. 

Two imaginary lines connecting bases of 
sete i and ii of abdominal segments 3, 
4, and 5, on each side, if prolonged, 
form angles averaging 30.2°. 





Abdominal tubercles i about twice as 
large as abdominal tubercles ii. 


Abdominal tubercles ii narrowed and 
about four times as far apart as abdom- 
inal tubercles i. 

Two imaginary lines connecting bases of 
setee i and ii of abdominal segments 3, 
4, and 5, on each side, if prolonged, 
form angles averaging 53.3°. 


Descriptions of full-fed larvee of both the summer and the winter forms 


of the two species are given below. 


Diatraea saccharalis crambidoides Fabricius. 


SUMMER FORM.—Head rich brown, varying to black at mouth parts and to orange 
on dorsal aspect; slightly bilobed. Prothoracic plate pale brown, tinged with black 


ventrally, cephalic third of plate transparent. 


tinct. Crochets biordinal. 
sete yellow to brown. 


ary sete. 
mens), 25.6 mm. 


Body white. Segmentation dis- 


Tubercles light brown or paler, iv and v coalesced. 
Abdominal tubercles ii oval and about twice as far apart as tubercles i. 


Primary 


Imaginary lines connecting sete i and ii of abdominal seg- 
ments 3, 4, and 5, on each side, if prolonged, form angles averaging 30.2°. 


No second- 


Spiracles dark brown, elongate oval, distinct. Average length (10 speci- 
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WINTER FORM.—Head yellow to rich brown, varying to black at mouth parts and 
to yellow on dorsal aspect; slightly bilobed. Prothoracic plate yellow. Body white. 
Segmentation distinct. Crochets biordinal. Tubercles white or pale yellow, and 
not easily distinguished from ground color of body, iv and v coalesced. Abdominal 
tubercles ii oval and about twice as far apart as tubercles i. Primary sete yellow to 
brown. Imaginary lines connecting sete i and ii, on each side, if prolonged, form 
angles averaging 30.2°. No secondary sete. Spiracles dark brown, elongate oval, 
distinct and sharply contrasting with rest of body. Average length (10 specimens), 
22.4 mm, 


Diatraea zeacolella Dyar. 

SUMMER FOoRM.—Head yellow, varying to black at mouth parts, slightly bilobed. 
Prothoracic plate yellow. Body white. Segmentation distinct. Crochets biordinal. 
Tubercles dark brown, contrasting sharply with ground color of body, iv and v coa- 
lesced. Abdominal tubercles ii narrowed and about four times as far apart as tubercles 
i. Primary sete yellow to brown. Imaginary lines connecting setz i and ii of abdom- 
inal segments 3, 4, and 5, on each side, if prolonged, form angles averaging 53.3°. No 
secondary sete. Spiracles black, elongate oval, distinct. Average length (3 speci- 
mens), 25.2 mm. 

WINTER FORM.—Head yellow, varying to black at mouth parts, slightly bilobed. 
Prothoracic plate yellow. Body white. Segmentation distinct. Crochets biordinal. 
Tubercles white or pale yellow, and not easily distinguished from ground color of 
body, iv and v coalesced. Abdominal tubercles ii narrowed and about four times as 
far apart as tubercles i. Primary sete yellow to brown. Imaginary lines connecting 
sete i and ii of abdominal segments 3, 4, and 5, on each side, if prolonged, form angles 
averaging 53.3°. No secondary sete. Spiracles black, elongate oval, very distinct 
and sharply contrasting with rest of body. Average length (4 specimens), 24.5 mm. 


The writer has not seen all the instars of D. zeacolella Dyar. ‘The instars 
of D. saccharalis crambidoides are similar, except the first, which is de- 
scribed below: 

Head black, more horizontal than in following stages. Prothoracic plate dark 
brown. Body dirty white, widest at head and tapering caudally. Segmentation dis- 
tinct. Prothoracic legs well developed. Elongate prolegs on protruding coxal lobes. 
Tubercles prominent. Primary setee brown. No secondary sete. Average length 
about 2 mm. 

Not only do the larve of the two species vary in appearance, but their 
food plants and breeding habits differ to some extent. The food plants 
of D. saccharalis crambidoides include sugar cane, corn, and Johnson 
grass and other large grasses. Practically all of the larval period is spent 
within the stalks of the plants, except that the first instars feed about 
on the leaves. D. zeacolella, however, seems to have a preference for 
corn, even where sugar cane is present. Mr. U. C. Loftin found sugar 
cane at Thomasville, Ga., absolutely uninfested, but Mr. G. D. Smith had 
no trouble in obtaining larve from cornstalks. The writer has examined 
sugar cane at Waycross, Ga., without finding any larve. One larva only 
was found by Mr. Loftin at Chipley, Fla., in the sugar cane, and this is 
the only one recorded from sugar cane. 

D. zeacolella goes far down in the taproots of corn, while D. saccharalis 
crambidoides does not have this habit. This was observed by Mr. E. R. 
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Barber and has been recorded (under D. saccharalis) by Howard' and 
Ainslie.” 

The fact that D. saccharalis crambidoides has been found to be limited 
to such widely separated areas as southern Florida, southern Louisiana, 
and the southern tip of Texas will no doubt occasion some surprise. The 
explanation is that there is strong evidence tending to prove that the 
species was brought to this country in shipments of sugar cane from the 
Tropics and that it became established in the three sections in which 
sugar cane isanimportant crop. Both forms of larve of the two species 
are well shown in Plate LXXXIX. 





1 Howard, L. O. The larger corn stalk-borer. Jn Insect Life, v. 4, no. 3/4, p. 95-103, fig. a-4. 1891. 
—— The larger corn stalk-borer. U.S. Dept. Agr. Div. Ent. Circ. 16, 3 p., 3 fig. 1896. 
2 Ainslie, G. G. ‘The larger corn stalk-borer. U.S. Dept. Agr. Farmers’ Bul. 634, 8 p., 4 fig. ror4. 
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Fig. 
Fig. 
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Fig. 
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PLATE LXXXIX 


1.—Diatraea saccharalis crambidoides: Larva, summer form, dorsal view. 


2.—D. 
4.—D. 
5.—D. 
6.—D. 


zeacolella: Larva, summer form, dorsal view. 

saccharalis crambidoides: Larva, summer form, side view. 
zeacolella: Larva, summer form, side view. 

saccharalis crambidoides: Larva, winter form, dorsal view. 
zeacolella: Larva, winter form, dorsal view. 


Drawn by Mr. Harry Bradford. 
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